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Research progress on the effects of steam explosion on the content and an-
tioxidant activity of polyphenols extracted from plants

XIA Zhi-hui, CUI Wen-yu, FENG Cheng-feng, LUO Kai-yun, CHENG An-wei
(College of Food Science and Technology, Hunan Agriculiural University/Hunan Rapeseed Otil Nutrition, Health and Deep Development Engineering Tech-
nology Research Center, Changsha 410128, China)

Abstract: Steam explosion, as a new technology of material pretreatment, can achieve the separation of bioactivity
compounds at the component, tissue and cell levels by the instantaneous pressure relief on biomass under the dual action of
high temperature and pressure. This paper briefly introduced the main physico-chemical changes of raw materials in the
process of steam explosion, expounded the effects of steam explosion on the content of plant polyphenols in grain, oil, fruit
and vegetable and other raw materials and their antioxidant activity in vitro and in cells, and prospected the research of
steam explosion, in order to further expand the application scope of steam explosion in food processing industry.
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Fig.1 Schematic diagram of steam explosion processing
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MPa ZEVURMALFRLT 530~ 90 s, Ho 2 i 1 A5%
P Y 733 1.0 MPa B, 56 2 B 8] 14 %E 4
SRR TR R B R R R A R R
JEURMRRAL > B A AE ) o B e R 2R R
SR 25 e S AL (O 0 40 ff . BLAk, Chen
RO Liu B0 FEGEAENSORRAME ML AE Y AT ST 4G
SRUE B, ZE VR 23 % A T SRRk rh B I 8 25 I

MPa 60 s Z& VR MALFR 4 R0 S 3% i Al g ik

TR, A RABITTAIR I 1,

F1 EFREBEHXMARHERPERNNEY SBSENTM
Table 1 Effects of steam explosion on the content of plant polyphenols extracted from grain and oil raw materials
E =
Bk G R 2% g i
Nk 0.5 MPa.1.5 MPa 2.5 MPa,30 s 90 s PRI S SR S e R 50% , B 2 R ATBTARIR & HEbi i 36 540 11 /%, [23]
ERASTHISY) I o i S HE, BTERR o A 25 A, B A AR 9 %
INEBREZ 0.5 MPa,1.5 MPa 2.5 MPa,30 s 90 s BRI W] P AN BT RIS 5 i o R 0 2 A5 R0 7 A%, T 2.5 MPa 90 s J&%  [31]
FERIHRE B2 T S 2.5 MPa 30 s SR ERALL, A B R
INEEERRE 185 °C 205 °C 215 °C (225 °CI,60 55215 CHF,30 HINZS A BRI R R , AT IR AU BRI AR R 30 FER 745 [32]
5.605.90s.120 s
/NEEERKE 100 °C74 20. 00 min; 120 °C 5K 20. 00 min; 78 B2IA AR LU R AN S FE K BN 2 6%, AT RE R A8V IR Tk e 30, o [35]
FRHRE 200 °C,0.75 min . 1.50 min 2.50 min; 2835 2 I0ZMIRE R S TR
FEK 180 °C,5.00 min F1 165 °C,2.90 min
/NAE#EkKZ 03 MPa 0.5 MPa 0.8 MPa,5 min; 121 °C,20 min $RIAYELEEER Y2 & it bV B = T 198% 83% [36]
PAb B
IR 1.5 MPa,60 s P S RO B E AL 2 h F 4 h S ZER R S B R R I [33]
1 2.5 fi5 AN 3.2 4%
WHEE 1.5 MPa,60 s HOMBZY BT SRS A A R 1 £ [24]
TS 210~250 °C,30 53220 °C,10~120 s HE ARV IR RN T SR R IR 2 & i, BV PR R & b4 8 9. [25]
83 £%,1H.250 °C .30 s A ERIAY IS B i S BT T R
JeEE 0.45~0.95 MPa,6.6~23.4 s RS K A MEE 245, A5 A1 TR 2 B e [26]
KER 0.5~2.5 MPa,30~150 s Wi R 77 BRI (] A B, BB i 22 W RIS B B 3, 3 e 1.5 [27]
MPa 150 s #12.0 MPa 90 s B ik5Ifx i , ARS8 AL 3R AR Y S 22 I LR
FE 5 e S T RAAIG
i 0.5 MPa 1.0 MPa 1.5 MPa 2.0 MPa,30 5,60 5,120 s 4804 K 5 5 2 & 52 L FHka g Hop i B 17.75 £5 [28]
FRLFSZ 0.3 MPa 0.6 MPa 0.9 MPa 1.2 MPa 1.5 MPa, 0.6 MPa .60 s A B2 S B & B8 0 5.3 %, 17 1.5 MPa 120 s BHEIUG R [14]
10 5.20 5,30 5.60 5,120 s M 2 A T AR AL A
ag 0.25~1.0 MPa,30 5,90 s i 22 B 24 T AR, B B 22 1 o B g T 3K 6.68 g/kg, (HAE 1.0 [29]
MPa ZbBEZ A T HRBU 22 103 & =2 SN A T T B
sy 0.5 MPa. 1.5 MPa 2.5 MPa,45 s 0.5 MPa 45 s BRI AT & B L 8RR Bty R &5 [30]
A5 0.4~2.0 MPa,15~75 s FAEZR VRSN 1.25 MPa 46 s, KRB ZRPORTT R 2 £5, 8 — 2 [34]
P& 1 A B A A A iR AR IR R T 45 T R
TRRAFDEHT 1.0 MPa 2.0 MPa,30 s.60 s PR R 2 A 4R 8 1.73 1% [37]
M JFRAT 0.4 MPa 0.6 MPa 0.8 MPa 1.0 MPa 1.2 MPa  $&HY 2 By A2 85 I 15t B dub 2 07 0 Al A B JF B 8 VR IR 1 iy [38]
B K44 0
Pl ad 0.8~2.3 MPa,30 s PRI AT 2 B 5 2 VR 3 Ry ki BR A1 279.20% [39]
HFHER 0.8 MPa(170.4 °C) ,5 min PRI B2 B A A Y [40]
TMSEHF 220 CA%7,0.4 MPa 0.6 MPa,0.8 MPa, 1.0 f2IUNZE & 2L 52.63 fi5,1.2 MPa It FHMEMAEA D K SE AR [41]

MPa 1.2 MPa

B S 1, BRI 22 7 2 R i
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Table 2 Effects of steam explosion on the content of plant polyphenols extracted from raw materials of fruits and vegetables

JERE A FRZAT FELLR E =P
FREEHT 1.0 MPa 1.5 MPa 2.0 MPa,5 min PR ZE VO A% 1A R I 2 I 1) R [42]
G 150 °C ,1~3 min 55 0K B AR L, 2 PR T DA T R 2 A s [43,44]
RS it 130 °C 150 °C ,170 °C ,1~8 min eI H R b -4 AR A R AR R R [45])

WA = E 80% L I
K 1.0 MPa 1.5 MPa 2.0 MPa 2.5 MPa 3.0 $2ERAM IS4 BT 09 5 4k Bl B 78 VRO A3 R 0 19 348 D AR i) 1) 3B 4 5 [2]
MPa. 4.5 MPa,1 min,2 min,3 min,5 iﬁﬁﬁﬂ}ﬁy}ﬁ&,?{ 3.0 MPa .5 min 5 A] 3k 93.7 mg/g
min 10 min
o 200 °C.213 °C,5 min; 121 CHMI 10 ZEVUR0ES = RZECA BHE M E , 55 5 38 = 4R B B 2 5 1Y) [46]
o min {5 FEZE IR K R o
B SRS 190 °C 200 °C ,3 min 5 min FREU BRI S D 8 %, B R TR R [47]
I 0.3~1.2 MPa,60~210 s VIR TE PR Sy i LU R IR 1.19 £% [16]
JER S RIS 180 °C ,200 °C,5 min WiF 2% 7 HR T A R, 1448 T B I 25 B S R 14 [48]
HEE 205 °C, 10 min; FEREPEBEER LS4 TT,  IE0E AL TR RE IS BU S VO B A BT A 2 i R [49]
195 C A 15 min
W AT 10 min; 1.5 MPa ZE70RM% 30 s; AN AN FRHRICR 73] AT 34 (8.28£0.12) mg/g F1(6.40£0.28) mg/g [10]
150 r/min , K43 40% , 140 “CHIEfAAL
R ARz 200 °C,5 min BT BRI, $REIR A (] 400 o R JROR 1 1712 [50]

23 FRBHMEMERMDRERINEVSHEE
=2

3 G T 2RV Ho A OB 2 B 22 1
ErREI , FAEFZE 1.5 MPa 287708 60 s J5 , $2
B B2 4 ot 5 ik 2 50. 8 mg/g, A2 X EAY 2.
54 1%, HAEB m AL A E R (1.5~2.0 MPa 60
s) , IAET P R IR Y B ) A A B TR,
HA—@ ifese e H2RE R AR ™ Fh
1R oy 2 0 o 1) B A 22 PR B A T 5 32 P A 4
K 5B 2 b R B G AR SR Y R
BV RARA U 2RV R A B S B A AR Ak
W5 —3, SR EY S E TR ReEh T
— B W A A i, L2 L PN S Y ) R M
B AT AP 5T 5156 Y MRS AR
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nakai IR FISE A I L A JRURE G UE BH 25
TRBR I 2 =1 22 W 26 ) SRR ) A A5 BT vk

ZTVRAEY) 5 h Z iR i m i R N R
P TD, — 5 TR 28 R P = A TR 2
TE i s IR AR VERR I T 2P 4 R R R AR
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DPPH - (1,1-—2RFE-2- = A5 378 k) L ABTS'(2,2'-
IR -A-3- 2 FE R - WE s k-6 R ) I Hh 55 BR %
DL FRAP (8RB 38 )5 RE 77 ) S8R 8 A ok 26w
F 4 HIH T ZEIR AN IR X R ) £ B AR S B AL TR
PERYFEM , Noda 2507 1 28 7 i Ak B 36 B2,
13DPPH - JHBRIGVER) EC, B Bl A R 5 A 38 fin A
() 9 2K T 2O T %, AE R R 3.0 MPa LA L3k #I[ 46
FEAE T By A G s TR KGR, I TTREE, —
J7 T ZEIAR AR T T M N 255 B R, o — T
T 2 A S50 28 1 £ 45 220 50 B A S A0 1 25 ) o
FUK SRS (Gn 5-52 H M ) RT3 e 1 S
(P E AL TEYE . Chen %7 Liu % FI Gong 45
1 R IZE TR AL 5 A5 W 8k e SR B (b A8 AL T

PSRN ARE R . AN, Sui 5550 UBFFT 45 SR
ZEVRI AT SR TH IS i 42 Y Y BT AL BE 7, FRAP |
2 H BT BRTE P | AT A B B v T 3 A
KB ATR B AR (HEA 3 C) B9 95. 2% .76. 6%
8. 0% DPPH - T4 A Jy 36K 6 14 2 % C 10k
-, LA )50 ek B AR Ak B 755 20. 0%, ZERLAY, 2%
PRI TR RS2 1Y 45 T B
¥ 55) Sasa palmata (bean) nakai ag I F oY R A
2KV Lm0 0 R AT T i R
TP PRV, BRSSP
J5 BT Y T S RS ) B B (A R -3-0- Bl
BEAT ) 25 B0l 25 A2 Sy 3 M 0 3 AR B 3R B AT

AR
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Table 3 Effects of steam explosion on the content of plant polyphenols extracted from other raw materials
JE} PGPS ST FELE R E PN
[iNa 0.5~2.0 MPa,20~120 s PRI S T 2.54 % B RAFES e [51]
Py 0.2 MPa 0.4 MPa 0.6 MPa 0.8 MPa 1.0 MPa,3  $EHUNZE &SN EFF 7 0.6 MPa 3 min FALFEZMT  [52]
min AN 15.5% , 2 Je XA T e
A 160~240 °C,5~15 min; ZHEEHEHL PRI A A VR AL R A (R A B i, 220 <€, [53]
15 min B AJK 50.5 mg/ g, (HIERE 1L 7,240 °C |15 min FHHEEEY
S B e ST BT R
TeAr Fnt: 0.2 MPa 0.4 MPa,3 min 0.2 MPa 3 min I #H5245 55 55.9% 1 0.4 MPa .3 min I3 [54]
FAS 3 S M AT ST RAEATG
e 1.0~2.0 MPa,30 s 40 s 60 s .80 s 1.0 MPa T Gl BRI BEZE O (B P Rmi kg o, vl 8 [55]
1R 2.32 %, {H.2.0 MPa | BEAR SRS i) (g 4 5 2 PR o S b
JE AR
FRAT - 0.3~0.5 MPa,3~5 min LA MU EOR A L, SRS T R R 2.1 £F, [56]
{EZEVRIBREA I 7L i TRl A B U e
BTN AR AT 200 C 210 °C 220 °C 240 °C,5 min PRSP & R b ZE VO IR RS e el [57)
ik 1.9%
FhAft HILE 2SS, S5 AF] 0 MPa 0.15 MPa, G ERRTS2IK 5 2.82% , LA RS 62.0% , ZEBLAYETaI By 120 [59]
0.40 MPa 1 0.55 MPa B, BEAMEAIZEY, ERH min %52 15 min
JES143 51355 0.6 MPa 0.8 MPa 1.0 MPa 1 1.2
MPa J& , B [ TR A
AL 0.8~1.6 MPa ZE VM 1~6 min  JAGROOARRIE RS REH Ay AR AR & T R B B [60]
Sasa palmata (bean) na- 180~260 °C ,0.5~20.0 min PREURER 2 T & AE 250 °C 1 min AT 3K 217.41 mg/g (H  [61]
ka M TR AL BIAS A M 23R
SEAART 0.5 MPa 1.5 MPa 3.0 MPa,30 s 60 5,120 s Fifi 2 M R T R B) B B8 SR B S R S RN [62]

in,0.5 MPa 2 min B3RS AAE (9% 2547 ) , T Ja P KZE A
R ABA B BRI RIS o i S T 23R s

AR A T L v B R I 2R ) B
SAAL TR (EE g 9 E R 2 VOB T W Rt
ST PR M2 A, S A8 AL BT g 5 v
()3t AN B B NS 7 SR 23 A AR HE SV,
i R P AR — 20 SRS B IR, BT B R 2

KRR R e L3k | LS AR RN A 22
RN YT, BRI B RE D 2 28R
PR EAE R 1.5 MPa 90 s i 22 Bk EZ I Bk DPPH
FI A RE 75 Bk 1340 SR RE ) 3K B d vy, AR
Ji 3 FGEA IR 7] BT A AGBE ) ST 52 R B e, ik 3
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A 3k e e B ) 2% BB AL B ) 22 Bkt SR A B4y
ARSI, AT RE R T R AL B O 25K
AR AL R P RL DRF S S DT R Y )
AR RIS, B e B4 25 V0 i Ak P B T BB
ARSI By 2 B P A A T P 28V e b 1
J& 22 (B A 1 5 HL B i 2 ) HLAE B A A G
P, A0 KB4 E, Z 85 DPPH - |
ABTS" V& B fig 71 fl FRAP AH5& 2 804> %1 0 0.784

R4 BREBHRENEY SEBMEIMAE L E R0

0.937 F10. 90> | BKZEHF 20 25 TR ML 5 L AR B W)
i) FRAP \DPPH - O, (4 A ) WERAE 5 4
BN B i 5 60M G, M 6 R B S -0.893
-0.960 .-0. 132, {H5 B2 W & & 2 IEAHE, FHE R
B BH 0. 685.0.468 0. 951, 4 1] fit 2 78 VA 4R Tl
bR v A Y — S P 2 T A9 i S A
Prafbis ",

Table 4 Effects of steam explosion on antioxidant activity of polyphenols in vitro

Jkt Qb B2 A FEL 225 0k

KRz 200 °C 213 °C,5 min DPPH - 1 EC5y(*FEUBUSIHR ) (I BAZE BRI SR I O I [46]
Kk, KRR AT M R T 2

INEER I 0.5 MPa 1.5 MPa 2.5 MPa,30 s 90 s PRI S 05 M B 45 DPPH - 1 ABTST V5 IR RE 114>l [31]
1R 2.75 £ 4.60 fi5

INE B 185 °C 205 °C 215 °C 225 °C,60 ;215 °C,30 s .60  SFEESMRR Bk AL iy me | oK it iR \DPPH - M5 BRGE [32]

5.90 s 1120 s ABTS" Trolox (iBRAE 1 /M BB N T 11.0 % 5.8 5. 2.6 4% .23.1 ik

17. 1 f540 2.4 1%

INEE Bk 0.5 MPa 1.5 MPa 2.5 MPa,30 5,90 s PEHW) ABTS* JEBRAE 340 T3 5.3 7% [23]

WIEHEEK 1.5 MPa,60 s PRI R &S AR O, TEBRAE T4 270% [24]

Bk 210~250 °C,30 5;220 °C ,10~120 s; AL BRES IR JFRES RN 1.8 £5 [22]

FERIGEAFSE 0.3 MPa 0.6 MPa 0.9 MPa 1.2 MPa. 1.5 MPa,10 s, 0.6 MPa .60 s i} DPPH - ABTS* /&M% Bk Tk JRAE 1 Wl e 4.6 [14]

20530 .60 5,120 s fir 3.8 1% . 11.6 i , (H B SR B (W28 VR A0 H T 22 Bt i b

TEVERIMTA ARG

it 02 MPa 0.4 MPa 0.6 MPa 0.8 MPa.1.0 MPa,3 min  FRAP {HFIK%] V1 95.2% % DPPH - RUTEERAEIEEALE] VKT, [52]
OH - J5BRFATIL 76.6%+0.5% ,%F 0, ~ BHMHIZARRT 20.0%

SHE 0.5 MPa 1.5 MPa 2.5 MPa 45 s 1B DPPH - WSRAE 32 4% 5 2.5 MPa 45 s BYZETIRIAL R [30]
S P AT R 28 T T

&30 1.0 MPa.1.5 MPa 2.0 MPa,5 min P AL e R, DPPH - TEFRFE 1 h 18.78% 2 8] [42]
67. 34% R TIRIRRE T 13.37% 355 149.04%

e 1.0 MPa 2.0 MPa,30 s .40 s .60 s .80 s DPPH - AR i 30.65 o/L F&ZE 10.10 ¢/L [55]

INEEER R 0.5 MPa 1.5 MPa 2.5 MPa,30 s .90 s BEZE TR RIS ) (R AN WG i, S B DPPH. - VEBRFMER S+ [68]

E@gﬁﬁEﬁKH‘TrﬁE,@ 2.5 MPa 90 s FHEIIHT A AL TG M S T AT T
TR

32 EREBESHENAEY SEEE R L E N
BN

Chen 257" A5 KB40 M -H0 S840 96 1 76 A9
(HepG2) AU ZBERRER D2 1AL (PBS) MBI LT,
FRTRIBRI A BN AR ZE TR A BRI 22 Bk AR U 1 214
RORTHE B A (ECg, ) 235914 (5 038.70+318.87) g/ml il
(895.78+22. 12) g/ml, B ZE MM AL B A $2 B )t
T H AR ZE VR A B o P R AT M TR
GO b E I 2 Y T 22 AR A AN SR A
6, HepG2 41 i PBS whit el ok 28 PBS mik, 2.5
MPa 30 s AbBRATIREUI A4 AL K AR A B

20, AR AR ISR A FRAH 1Y 1. 74 £ (PBS whik)
F5. 61 £5(TJC PBS #hisk) . 31X FEE T2 VURI AL
USRI T A, U R WA B A
R O7) | TRFEAER I 2K VIR AL B | FEE i
BT HepG2 AMHTEAIG AR R T 215%),
EC, [ R ZE VR WAC TR 7 2 5 647, 25 iy
EC (S5 ARZERRA A A HthA B E ME22 5 (P<
0. 05) ; [FIEth e IR VRAR M A P B S EE U X A5
JYda ( Caco-2) 4H HELHE B P 40 1l V6 FH A B 25 8 o, TR 5
TS 2H A 40 34 58 28 100, 00% 6 2 32. 59%% , FE
SRR B T R p R IR 2 28T A PR



1358 e

2021 4E & 37 % 5 M

E 0 I A ZE AT 2R M AT T T 2R 2R R
REFRAER K A R TR TSR . 28R
WAL FEAE AR -t i) D) e 2 B aim S B A 4 bt
AALIEE, N HepG2 4HEJE S H PBS Pk, 287708
WAL ER I R 3B EC, (X BRI,

4 & B

ZRRIBINE N — PR 2% 1 s FEEAR W] 2
1o 2B A T P IR R B IBOCR S T A A
ZRVHR R B2 PR AR I o) & KR iR
0 AT B B TEREIE RSP SE N R 29U
(HRSE) AR SESMA R, PN IHRT 2t — e
(1) T A AR A A S NER 516 70 B 2 ORI i Y
2y S B RPN S ; (2) JEURE IR A 5 2%
FOBRDSCR Z [RIBVE G R 3 i A B2 B a7 e
PRI B A UM OB IR ; (3) 2R TIN5
PR M BTN ST R e AR 2R
(4) ZIVR JFURH R A BB TR IS I B AT 2
I E AR R A, ARIGRER BT AR BITR A 78
TURAN AR AR ORI A AL TS P 4
1+ AU A AR O B B, 2 TR AR E
At S FIRE R ot — 2 e

SE

[1] NACZK M, SHAHIDI F. Extraction and analysis of phenolics in food
[J]. Journal of Chromatography A, 2004, 1054 95-111.

[2] NODA 'Y, ASADA C, SASAKI C, et al. Extraction method for increas-
ing antioxidant activity of raw garlic using steam explosion[J]. Bio-
chemical Engineering Journal , 2013, 73(15) ; 1-4.

[3] MCINTOSH S, ZHANG Z Y, PALMER J, et al. Pilotscale cellulosic
ethanol production using eucalyptus biomass pretreated by dilute acid
and steam explosion[ J]. Biofuels Bioproducts and Biorefining, 2016,
10(4) : 346-338.

[4] SUI W J, CHEN H Z. Extraction enhancing mechanism of steam ex-
ploded Radix Astragali[ ] ]. Process Biochemistry, 2014, 49 (12).
2181-2190.

(5] falGe3s, 25360 BINER 55, ZRVUETAL I A i SR Ak S AN VL
ELEATUEAE R EHIRTSE 1], i 5 R BE Tl 2020, 46(18)
47-53.

[6] LIGL,CHENM X, LI F, et al. Effect of steam explosion pretreat-
ment on molecular structure of sweet potato starch[ J |. Tropical Journal
of Pharmaceutical Research, 2017, 16(5) : 1113-1119.

[7] KOBAYASHI F, SAWADA T, NAKAMURA Y, et al. Saccharification
and alcohol fermentation in starch solution of steam-exploded potato

[J]. Applied Biochemistry and Biotechnology, 1998, 69(3) : 177-189.

(8]

[11]

[12]

[14]

[15

[

[17]

[18]

[22]

(23]

[24]

[26]

[27]

FMT RSEE BN G AR A AR AR Y
)], EiEHE, 2020, 45(2) ; 56-61.

o WS K TS ZRTUR AL IR T e K R ASOR
BUSEIR[) ], KPHRE2A41, 2014, 35(12) ; 2565-2569.

FIIOR R, 3R A RO R O A R R R A 4
FERHERSER )], P VER A, 2019, 40(5) : 973-979.

X2, EEMG N AR NERSFF R ZR VBRI S R AE
[J]. KRR, 2020, 35(4) : 26-30.

RS 32/ M. FOREORE 2 R IR s (AR ] ez it
i, 2012, 24(9) . 1857-1864.

KNS, By e WA BURHLIKIEII A AR BO R SR
ThERASESREEA L] P ERAR, 2013, 38(12) : 76-79.

U7 5. ZRTUB A B PR DR SR RE T RS [T]. '
S TR, 2018, 39(15) ; 21-25,30.

PIMR KL FEIEME, JERLL A5, AN A 8 PR BRI 2R
RIETZELI]. AitFl, 2017, 38(14) ; 270-275.

TEUKAC FRINEN B W, A5 VORI B MR G R R S R
ST, BB AR, 2020, 41(13) : 9-16.

B N8 TR, RIS I T 2 A B
FALPERTIETE ). B Tl RHE, 2021, 42(1) ; 149-155.

ZRETE  DETT LI SRR A, RN SR AR B B th 5 A R A
HRBCCBACRIELT]. All TR, 2020, 36(4) : 307-315.
ZHANG Y, YANG R, ZHAO W. Improving digestibility of feather
meal by steam flash explosion [ J]. Journal of Agricultural and Food
Chemistry, 2014, 62(13) ; 2745-2751.

B, AR R AR, i b SBR[ T]. At
2%, 2015, 36(15) ; 249-254.

HELENO S A, MARTINS A, QUEIROZ M ], et al. Bioactivity of phe-
nolicacids ; metabolites versus parent compounds; a review [ J]. Food
Chemistry, 2015, 173 501-513.

GONG L X, ZHANG Y, WANG J, et al. Change in health ingredients
of whole Tibetan hull-less barley after steam explosion and simulated
digestion in vitro [ J]. Journal of Food Processing and Preservation,
2016, 40(2) : 239-248.

LIU C, ZHANG R T, LIU B G, et al. Effect of steam explosion treat-
ment on phenolic acid composition of wheat bran and its antioxidant
capacity[ J ]. Transactions of the Chinese Society of Agricultural Engi-
neering, 2016, 6. 308-314.

LI W Z, ZHANG X L, HE X Q, et al. Effect of steam explosion pre-
treatment on the composition and bioactive activities of Tartary buck-
wheat bran phenolics[J]. Food & Function, 2020, 11(5) ; 4648-4638.
GONG L X, HUANG L L, ZHANG Y. Effect of steam explosion treat-
ment on barley bran phenolic compounds and antioxidant capacity [J].
Journal of Agricultural and Food Chemistry, 2012, 60 7177-7184.
MRAD R, ROUPHAEL M, MAROUN R G, et al. Effect of expansion
by *Intensification of Vaporization by Decompression to the Vacuum’
(IVDV) on polyphenol content, expansion ratio, texture and color
changes of Australian chickpea [ J]. LWT-Food Science and Technolo-
gy, 2014, 59. 874-832.

CHEN Y S, SHAN S R, CAO D M, et al. Steam flash explosion pre-



RS FRRIB O I PR U 22 B 5 ik B ARG TR P e RO BT T

1359

[28]

[29]

[33]

[37]

[38]

[39]

[42]

[43]

treatment enhances soybean seed coat phenolic profiles and antioxidant
activity [J]. Food Chemistry, 2020, 319.126552.

PR XS A R, R, 21U IO S 0 R S B B S
WEFELI]. PERGRAAR, 2017, 32(10) ; 16-20.

CHENG A W, HOU C Y, SUNJ Y, et al. Effect of steam explosion on
phenolic compounds and antioxidant capacity in adzuki beans [ J ].
Journal of the Science of Food and Agriculture, 2020, 100(12) . 4495-
4503.

DHEM AR AR RS, ZRTB U BT R H R A A
MHE RN ERG IR ]. 27 f AT, 2019, 489(19) ; 25-30.
CHEN Y S, ZHANG R T, LIU C, et al. Enhancing antioxidant activity
and antiproliferation of wheat bran through steam flash explosion [ J].
Journal of Science and Technology, 2016, 53(7) ; 3028-3034.
LIULY, ZHAO M L, LIU X X, et al. Effect of steam explosion-assis-
ted extraction on phenolicacid profiles and antioxidant properties of
wheatbran[ J]. Journal of the Science of Food and Agriculture, 2016,
96(10) ; 3484-3491.

FE TSR/ IR R A ASMBELE I A i R rh 2k Ak
PR SRR P AL SO mE A (V] S kT,
2019, 45(3): 103-111.

AL, R T BT AL A ST B4 3 A 52 R [ D . ¥ BH
FIRRR:, 2019,

MAURA F, ANTON H, GIULIO Z, et al. Advances in combined en-
zymalic extraction of ferulic acid from wheat bran [J]. New Biotech-
nology, 2020, 56, 38-45.

KONG F, WANG L, CHEN H Z, et al. Improving storage property of
wheat bran by steam explosion[ J ].Food Science Technology, 2020, 56
(1) 287-292.

VK RRRFZE TR I R R M A RESE [D]. ¥ B
TRRHER?:, 2017.

YU G W, GUO T T, HUANG Q D, et al. Preparation of high-quality
concentrated fragrance flaxseed oil by steam explosion pretreatment
technology [J]. Food Science & Nutrition, 2019, 8. 2112-2123.
SRS KRN , OB , . VR B AR KA R
FRSTREEIR [T]. Bk, 2019, 40(11) ; 124-130.

L5, ,R RS S PRI SRR T MR At
BRAZNALT]. FRHIFST, 2020, 43(6) : 83-86.

YU G, GUO T, HUANG Q. Preparation of rapeseed oil with super
high canolol content and superior quality characteristics by steam ex-
plosion pretreatment technology[ J]. Food Science & Nutrition, 2020,
8(5): 2271-2278.

HU L, GUO J M, ZHU X W, et al. Effect of steam explosion on nutri-
tional composition and antioxidative activities of okra seed and its ap-
plication in gluten-free cookies[ J]. Food Science & Nutrition, 2020, 8
(8): 4409-4421.

CAMERON R G, CHAU H K, HOTCHKISS A T, et al. Release and
recovery of pectic hydrocolloids and phenolics from culled citrus fruits
[J]. Food Hydrocolloids,2017,72. 52-61.

CAMERON R G, CHAU H K, HOTCHKISS A T, et al. Recovery of
pectic hydrocolloids and phenolics from huanglongbing related dropped

[45]

[49]

[50]

[51]

[52]

[53

[t

[54]

[58]

[59]

citrus fruit [ J]. Journal of the Science of Food and Agriculture,2017,
97(13) ; 4467-4475.

DORADO C, CAMERON R G, MANTHEY J A. Study of static steam
explosion of Citrus sinensis Juice processing waste for the isolation of
sugars, pectic hydrocolloids, flavonoids, and peel oil [ J]. Food and
Bioprocess Technology, 2019, 12. 1293-1303.

NODA Y, ASADA C, SASAKI C, et al. Effects of hydrothermal meth-
ods such as steam explosion and microwave irradiation on extraction of
water soluble antioxidant materials from garlic husk[ J]. Waste and Bi-
omass Valorization, 2019, 10, 3397-3402.

CHEN G Z, CHEN H Z. Extraction and deglycosylation of flavonoids
from sumac fruits using steam explosion [ J ]. Food Chemistry, 2011,
126 1934-1938.

MRABET A, JIMENEZ-ARAUJO A, JUAN F J, et al. Antioxidant
phenolic extracts obtained from secondary Tunisian date varieties
(Phoenix dactylifera 1..) by hydrothermal treatments [J]. Food Chem-
istry, 2016, 196: 917-924.

CARLOS M, HELENE B K, MARCELO M, et al. Study of the phe-
nolic compounds formed during pretreatment of sugarcane bagasse by
wet oxidation and steam explosion [ J]. Holzforschung, 2007, 61(5) :
483-487.

PRUETE. SRRAE SRR AL R A R B 250 7 25 R ROR
(Z]. dtat: hEREABE R TRERFFT AT, 2007.

SONG H D, YANG R J, ZHAO W, et al. Innovative assistant extrac-
tion of flavonoids from Pine ( Larixolgensis Henry) needles by high-
density steam flash-explosion [J]. Food Chemistry, 2014, 62. 3806-
3812.

SUI W J, XTAO Y, LIU R, et al. Steam explosion modification on tea
waste to enhance bioactive compounds * extractability and antioxidant
capacity of extracts[ J]. Journal of Food Engineering, 2019, 261 51-
9.

JUNG J Y, HA S Y,YANG J K. Response surface optimization of phe-
nolic compounds extraction from steam exploded oak wood ( Quercus
mongolica) [ J]. Journal of the Korean Wood Science and Technology,
2017, 45(6) : 809-827.

QIN L Z, CHEN H Z. Enhancement of flavonoids extraction from fig
leaf using steam explosion[ J ]. Industrial Crops and Products, 2015,
69; 1-6.

kA MG 2 RS IR TR 5 S B M AR
AEPERGEALT]. franBla, 2016, 37(9) : 40-44.

siede BEB A A ZEREIR A AL S
TZWR[I]. A4EERRFSHR, 2012, 20(1) : 39-44; 71.
CONDE E, CARA C, MOURE A, et al. Antioxidant activity of the
phenolic compounds released by hydrothermal treatments of olive tree
pruning[ J]. Food Chemistry, 2009, 114 806-812.

CASTRO E, CONDE E, MOURE A, et al. Antioxidant activity of lig-
uors from pretreated olive tree wood [ J]. Wood Science and Technolo-
gy, 2008, 42.579-592.

FU X G, CHEN H Z. Air-steam explosion enhancing the extraction ef-

ficiency of chlorogenic acid from leaves of Eucommia ulmoides oliver



1360

AN N A o

2021 4E & 37 % 5 M

[60

[t

[61

[l

[62]

[63]

[65

[

[J]. Separation and Purification Technology, 2015, 146. 317-325.
WRUETE 52/ M. VOB S A R R AL B P B AL L
PRI )71 : CN101812483A [P]. 2010-08-25.

KUROSUMI A, SASAKI C, KUMADA K, et al. Novel extraction
method of antioxidant compounds from Sasa palmata (Bean) Nakai u-
sing steam explosion[ J ]. Process Biochemistry, 2007, 42. 1449-1453.
LIU BG, CHEN Y S, MO H Z, et al. Catapult steam explosion signif-

icantly increases cellular antioxidant and anti-proliferative activities of

Adinandra nitida leaves [ J]. Journal of Functional Foods, 2016, 23.
423-431.

CADAHIA E, FERNANDEZ D S B, JALOCHA J. Volatile compounds
in Spanish, French, and American oak woods after natural seasoning
and toasting [ J |. Journal of Agricultural and Food Chemistry, 2003,
51 5923-5932.

NATALI N, CHINNICI F, RIPONI C. Characterization of volatiles in
extracts from oak chips obtained by accelerated solvent extraction
(ASE) [J]. Journal of Agricultural and Food Chemistry, 2006, 54:
8190-8198.

PISARNITSKY A F, KLIMOV S A, BRAZHNIKOVA E V. Effect of

acid hydrolysis of oak wood on its aroma-forming complex[ J ]. Applied
Biochemistry and Biotechnology, 2004, 40, 613-616.
SUN S L, WEN J L, MA M G, et al. Structural features and antioxi-

dant activities of degraded lignins from steam exploded bamboo stem

[67

[

[70

=

[71]

[J]. Industrial Crops and Products, 2014, 56. 128-136.
ARRIETA-BAEZ D, DORANTES-LVAREZ L, MAR-TINEZ-TORRES
R, et al. Effect of thermal sterilization on ferulic, coumaric and cin-
namic acids; dimerization and antioxidant activity [J]. Journal of the
Science of Food and Agriculture, 2012, 92(13) ; 2715-2720.

TRIIEE. 2R BRI I ETR R [ D). 7
PH: TRE Tl k2, 2016,

GHASEMI K, GHASEMI Y, EBRAHIMZADEH M A. Antioxidant ac-
tivity, phenol and flavonoid contents of 13 citrus species peels and tis-
sues| J]. Pakistan Journal of Pharmaceutical Sciences, 2009, 22(3):
277-281.

EBRAHIMZADEH M A, ENAYATIFARD R, KHALILI M, et al. Cor-
relation between sun protection factor and antioxidant activity, phenol
and flavonoid contents of some medicinal plants[J]. Tranian Journal of
Pharmaceutical Research: IJPR, 2014, 13(3); 1041-1047.

TAN B L, NORHAIZAN M E, YEAP S K, et al. Water extract of
brewers’ tice induces antiproliferation of human colorectal cancer
(HT-29) cell lines via the induction of apoptosis|J]. European Re-
view for Medical and Pharmacological Sciences, 2015, 19, 1022-1029.
CHANDRASEKARA A, SHAHIDI F. Bioactivities and antiradical
properties of millet grains and hulls[ J]. Journal of Agricultural and
Food Chemistry, 2011, 59, 9563-9571.

(SRR 5

)





