FOOD& MACHINERY

DOI:10.13652/.issn.1003-5788.2019.07.035

REZKEEZZRERMLETZ

EHBETH BE2134 | 2009F 7 A | Ra5HM

MU RS 5T

Optimization of steam explosion pretreatment of peanut shell and

its effect on physicochemical properties of luteolin
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Abstract: Box-Behnken design and response surface methodology
were employed to optimize the steam explosion process of peanut
shell. The microstructure of peanut shell before and after blasting
was observed by SEM. Luteolin was further purified by AB-8
macroporous adsorption resin and subsequently analyzed by FT-
IR and HPLC, while quantified by UV-Vis spectrophotometry
method. The results showed that the optimal steam explosion
pressure was 1.25 MPa, and the optimal residence time was

46.0 s, with optimal water content of 16%. Under these condi-
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tions, the yield of luteolin was 0.926 % , which was 1.9 times that
of the untreated peanut shell. The SEM microphotographs
showed that the surface layer of peanut shell was broken by the
pretreatment of steam explosion, while the lattice-like structure
in the shell was removed with the cellulose macro fibers floating
above the surface in a smooth pattern. After steam blasting, the
content of luteolin in the purified product reached 32.81% , which
was much higher than that of the unexploded product. The ex-
traction rate of luteolin from peanut shell extract was
significantly increased by steam blasting pretreatment.

Keywords: steam explosion; peanut shell; luteolin; resin purifi-

cation; infrared spectroscopic analysis

W4 (Arachis hypogaea) IR 4 ¥ 464, Sk B T 5 BF —
AEAE R ) L R NS B A A R
Bl AR R 22—, 2017 AR 2 K1 709.23 7 t, 4K
SRR 30 %A HE R 4 500 5 (0, AR A4
G 1 B R R R R B 2 b s A 5
A A R R R ARG R b B Ik R T R AR R
ER N B A PR PO R PO DA R R AR 0 e SF AR
FAET R AR R O AR A A v T B K AL
W Z B = HIMENR.

H A B B T vk 3 S T R R Pk R A B
PRI A O A B T R B AR B L R R
BT R A AEAS F IR A 5] 50, A apl Al Bl 12 R R 7 5 1)
T RE AR AN A B0, W4 B P2 L B R B AR T Dl
HyE, ZEIR AR (Steam Explosion Pre-treatment, SEP) %
JI T Ak 2 e 5 20 R B A R ST R R R AE I

181



182

2RI 5% EXTRACTION & ACTIVITY

FEZAFIERT AR RRAGE TR L LRI 5K
% RBTR AL B LR T M. M s 2R
YR ET (0,087 5 ) ¥t FLBR P i K ORI ZLRE BIK L 7= A=
CHRBEROCR AT R B R BT R IE R JFOR 2L Al /N 2F
Y, DL v 1 20 P RE 2R 2 A A A TR AR G 4T L 4 B
T 43 D20 e P O o AR B . BFRET R
B o 2 VR BB B AR T LA A SR 4R R % B R i L AL 2
BARC T Z 0T ol g R R B2 AT

B GE AN LA A LR 7 JEORE . DL ZE VAR I R ) L 4k TR )
V) B 7K e 85 PR 200 R R 2R A5 R R I 3 5 ) o, AT 92 A
A2 TR B T A T ) 5 4G T2 3 R R L W R A B X
AR B B FOML AT Al A E S R Ah 43 O O B R AL Ak
TR SRS 1 AR R B R HEAT A8 B E PR AT A R N TR
HE ST R B B R AT LA B AE A2 58 IR 25 A 0T K )
P BB R .
L BRHS 5%
L1 ## 5

e b B AR 115, ) i W g I B

FALI B4R AB-8 Y, AR W8 4k T AT BRA 7

AR R AR 96 %0 b IR AR R AT BR 2 A

ToK e A EE AR R AR T S A b
4l , KA B2l R
1.2 WFEHEE

[F1] 3 20 2 VR 8 0 HL . QBS-80 B, Y BE IF 38 AE W g
HIRA T

B VR T ML : SCIENTZ-10N B, 57 3 3 2 48 W BH 4%
& PR A 5

S MR- FA-1005 &I, | A g8 A BRA 7 5

PH 3f: PHS-3C A, | ifg {0 W B} 5 A0 & i 0y A R
NEIR

WER; 7 K AL RE-52A B, |- W 58 A b AL B ) 5

BT 1 OBE - JSM-5610LV B, H A |y 1 bk X
ot

NI AY 6 B 3 UV-4800 #, J J@ A C | i) {3 5%
HIRA T

BT IRR T A - ZD-85 W, B M 4 35 A 1k AN A i
HIRAT

8 Bt 21 AF A5 He ok i {X : TENSPOR27 B, 7
BRUKER ¥ #8775

SO B A . E2695 Y, 25 [/ Waters 2 ) .
1.3 Ak
1.3.1  AERZERBM B KRG TS B
T 45 CCHERE T4 24 bW TR Y 48 A 58 TS5 465 2 L 491
BB TR 12 ha it A QBS-80 T 28 VB B WL B &
w3 AN 28 VR 2 TROAS [ BR B A N R] R 2 VR B

BE 2138 | 201947 A | AR5V

J1 - FEREP P (0.087 5 ) 58 RS e, THAL 215 19 46 4= 58 &
F 45 CTHAN TR EEE B85 BERAT.
1.3.2  ZEVRIBEETUAL# T2 AL

(1) B PR 20« AR R SOk (20 77 0, 25 10 B T Ak
B 5 ) B Y B R e IR 2 A A R L 4 e
A& KR, AR X L b 3 A T2 2 500 it
5 AN A S A A T . R R R R
B2 0.4,0.8,1.2,1.6,2.0 MPaj; 4 JE B ] Pl 2 ¥ 15,30,
45,60,75 s; KRR Z R 5%.10%.15%,20%.25%
I 7E 2 %y 48 B JE 3R 1.2 MPa, &5 K % 15% . 4 JE ) Ji)
45 s, HL AN [R] BB B0 2% 10 R R R 2R 4R BBCR W R

(2) w17 T 36 1R T 3 oL o PR 206 L S TR R
ok B ZE IR ) R4k s i E] 3 A S22 L BLOR R
LR BRI Sy i A AR 45 Box-Behnken 3 55 1) % 11 R
B, X8 AR ST VR AR VR S BOR = R = K- e R TR
ST R IR BT g S RO AT I X 4% PR ZR (] B AR
HARER L DL s TR 25 e 0 (B DR 06 R AT AT B
YOI AL 3 K I 45 IO B ME .
1.3.3 ARBEZARMEMKGZH ORI R A R AR
#Efh 5 mg, 7096 & BEVA R I E 45 22 100 mL, IR HUAR R
BERUEVA I 0.2,0.4,0.6,0.8,1.0 mL 4 B0 70 % Z B
EARZE 10 mL, iR A, B 540 43 06 06 BE I 2 352 nm
AT S RE T AR O B A Ol N A A A R R R R
JRE Ay R AR 225 il s vl 6 A5 R0 5 R .y = 0.165 82+
0.018 6(R*=0.999 8),
1.3.4 fARAKBERERTE  FRAL R UR
oAb B 0 46 A A R RS 60 H . BREAEAE MRS g,
T 1O AR5 A B % A i Tk 2R BOE A 3 v, ) JBE AR S 1 AR
AEFER AL 1 15(g/mID A 70% £, 70 °C [a] it 42 IR
1 h g g™ . mEH LR FREERR LK. &
W B R AE A 4R T B 1/5 4R BUB A 70 % & BE R R
30 A5 I s WO B L 45 A R B R ARl il 4R L e (D
HEAT A R B R AR ORI E

cvD

1 000 m
o
S— RBERIRIE, %5
AR B AR UM B - mg/ mL
FEBOE AR, mL;

D— i B A5 50

m TEAE ST R R B T . g
1.3.5 KRBREZRMLE 4% 1.3.3 Hl & AR =R IRIOK .
BT 50 CHA e 28 KA e 28 22 H M A 10 f%
925 B F K AT BE .8 000 r/min B.LHTLE . I EE
PRBRUTIEPIR . A TGK LR MUCIEY , B0 B B
e EI T A 70% £ 30 mL #F 7Yk, B Uk

S = X 100% » (D

c

v




&M | Vol.35, No.7

PP A3 IF W U S RO R pH O 6 Y 2 I BREAE

W

=

o

AB-8 K AL A g 22 To 7K B R B THUAL B L Uk
B EPT, FRECHUAL B A AB-S BB 20 g, A
100 mL BLEEHEIE MR . A 60 mL B &3 % HHE A
PEPEH 25 °C,150 r/min $74% 6 h, BUEEE 24 h, i &
T8 53 W I 0 B AT B AS A . K R RIS 0 R SR AT
TR 700 SR AT B A VML i E 2.0 BV/h, Bk
JBi 8B 200 mL. A A 48 A0 20 6 ot B 3 ok B kAT
ARBEZSRME. B2 WBEBE T 50 CHEjRE
R HEZE KB BB F oK T E A E 20 mL,
LA R T M U A A9 AR R B 3R Al LR T BR R A
MEEIFIT AR ERAE ., BA 1/2 Ye BT AL
TBOAR €35 5 P 43 #T
1.3.6 /et ies % TR B0 AR A ST R
i FH S BT RS B AR S 6 L R R A 4 0
S [7) Y5 2 B T A TR R 20 9 B T b R A A6 2B 58 oW
L5 I AR AL
1.3.7 ARBERLIOGIE SN W ARBRE R bR A
Ak B 19 AR J2B B 3R R i R A B ) R B R R SR FH R
PLBH R R IR0 RE . K SR AL B0 R AR A 21 A0 TR A 9 T AR
I 2 mg REBEEZEF M-S 40 mg 22 A B AL 808 R 1E 1T
HeopogE o B BE L Bl R R R AL R S AR 4 000 ~
400 em " A TR P R AT £0 A0 0 1% 0 R IR
AL BT S
1.3.8  fE/ESE AR R B OB AR @i i TR X Al 4k
JE RF 3R AT T RO T 8 33% 4% £ R : Diamonsil-Cyg
(4.6 mm X250 mm, 5 pm) {4 3% K, B — 0.5% B R
(70 30, A B /B S 9 s A, 3 3 1.0 mL/min, £ i
35 °CL ke 10 pL A K 352 nm,

1.4 BIESH

LB A RS A 3 . >Rk ] DPS 9.50 i 4f 4k 21 4k
T WP B 25 SR AT B R IR S A A
2 HRGOH
21 BRERBER
211 R E K BN EAERARBREZMENZ W
1AL ST 45 1 248 T A i) B 27 4 T SR AR ) B 4% 4T
R R A5 SR g R K R AR i S B S AR 7E K
R IS A& R AR B RGRAS R . i TFiE Sk
53 RERE M R FE 20 Vi T 4R 8 28R B A AT 3 R 7R
TURBACR R AR B ERMGR, qYrK i, 2
A K AY 7 R PO TR R BELAS 75 7508 3 L IR AR 25 V3R
AR,

2.1.2 R R iR S At R B )R A8 A e R R B R AR 1 R
W R 2.3 WA, B AR O R T 0 T i R 4 R
Vi) B S < A6 A 5 AR JoR B 3 A 5 34 B e B s v b ka H

BEEES: RETAREZZRBUMLEIZRURLEMAIR

0.951
< 0.90[
=
%@ S 0857
o £
P
mz = 0.801
2 =075
=3
£0.70
0.65F
5 10 15 20 25
kR
Moisture content/%
Bl &RENXKBREZFFENGYH
Figure 1  Effect of water content on the extraction

yields of luteolin from peanut shell
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Figure 2 Effect of steam explosion pressure on the ex-

traction yields of luteolin from peanut shell
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Figure 3 Effects of residence time on the extraction

yields of luteolin from peanut shell
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R X, Xo X B/ %
1 —1 —1 0 0.609
2 1 —1 0 0.683
3 —1 1 0 0.671
4 1 1 0 0.723
5 —1 0 —1 0.621
6 1 0 —1 0.756
7 —1 0 1 0.764
8 1 0 1 0.741
9 0 —1 —1 0.662

10 0 1 —1 0.687
11 0 —1 1 0.717
12 0 1 1 0.765
13 0 0 0 0.921
14 0 0 0 0.923
15 0 0 0 0.922
16 0 0 0 0.921
17 0 0 0 0.929
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Figure 4 Interaction effects of water content and blasting

pressure on yield of luteolin from peanut shell

2.2.3 EELZZHMM  HYE DPS 9.50 B H, 15
FIERBH L ZWBEESHAENERBHED
1.24 MPa, 4 JE W 8] 46.27 s, FIE 0 % /K % 15.89 % . 7E 4
FIERHRAT T AR RNy 0.92800, % J& 5| I L 43
PEME  ZRPB I T2 S BUR IE W Z8 VB E 1 1.25 MPa,
YR 46 s, BRI KR 16 % FEM A& F AR R R
BN 0.926 %, PR IRIURE S IR (HEE . 2R A B,
KA SEWAL IR A AL AR B A 1 T R B R 13 %
IR 0.472% o AR IR 56 20 0 Z8 VMR i A0 3G (R L ZE A
I 4 B SR 1 T i 26 1 AT 0 1 R 4 4 i A0 B R L O
1 M5, ULEIIZASE AL 0 LG B B AT A IE SR W 28 IR R i 2
BOEw T 5 B — o S
2.3 ERBHENEETHHBUEHT N

B 5 X b TR g VR R AL BN A RV R
1.25 MPa, 4 KR} ] 46 s, B 5 7K 2 16 26 (9 £ 144 T 4b

BEEES: RETAREZZRBUMLEIZRURLEMAIR

(a) REFRBWALIR
A5 AdBAARARKLEEETHAM LA
Figure 5  Scanning electron micrographs of untreated
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peanut shell and steam-exploded peanut shell
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Figure 6 FT-IR spectra of Luteolin standard and

purified samples
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and exploded purified sample HPLC diagram
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