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Preliminary discussion on mechanism of ultrasonic enhanced
soy protein isolates—saccharide graft reaction
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Abstract: The mechanism of ultrasound promoting soy protein isolate (SPI) —saccharide graft reaction was studied
by using soybean protein isolates as the research object. Compared with classical wet- heating, content of free
amino acid increased from 0.86mol/L to 0.98mol/L when SPI was treated by ultrasonic for 60min. Surface
hydrophobicity and content of apparent sulfhydryl content were also increased to a certain extent respectively.In
this case, polypeptide chains of protein were more stretch,and part of free amino groups buried in the molecules
inside were exposed.At the same time,a—helix and B-folding of SPI was significantly reduced while irregular coil
was significantly increased,that showed ordered molecule structures become disordered and its steric hindrance
reduced.The graft reaction of SPI- saccharide was accelerated because their more contacting led by intense
vibration of ultrasound.
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B R R m] Al — e DL AT A AR
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FE M 24h— bk TR — 8 %) SPL; BT R {H I ( GA ) SD %Y,
TIC Gums Co.( Philadelphia, USA) , =2 543 UnF : &5
1 2.13% , 2285 85.27% , 7K 43 10.59% , JK 4y 2.01% ;
AR A E RS F SRR EE (OPA)
Sigma 2y )5 FLAE. & AL gL+ T b L R R BN
(SDS) .B-Fi Kt £ Mz B AL | TP I R A BT L R
AR R T Al

FEE R B Pl CR22G, H AR H 37 284 a) Il
ST TU-1810, gtz a4 BR A 7l 5
A A TDS220, 7 MHisl J) M 75 345 A BR S A 5 b
% pH it 320-S, Hi+ Mettler Toledo ; 82 3R/ 7 i
FEAE  DF-1, S IRTTR —ARUER) s S i fedi 21 41
SMBFAL VECTOR 33 ] Bruker 23 7 5 #0254 T
JEHL  Vizared2.0, 32 [ VirTris 23 A5 %8 M43 606 B
it LS55, 3% [F Perkin—Elmer /Y] .
1.2 WHIE
1.2.1  SPI-MHIZEM R Hl4& K B 60 SPT Sk
M1 g dl (ww), EAWERN 0.1% ~2%
(W/V) 2R T REDBFEARIHERE 2h, A 2% & % 4H
(3~5 ¥%/100mL) LLBF % A=t A=, BT 4°C vkAf b
IRAGIE R, 55 2d HUHY S AR S50 PE 2 W A4 IR 1 1
B, R AL BLORE 150mL, B E)] 80°C IR G
BT R E (0~600W, 15kHz ) Ak 3 — 5 |74 B [A]
P H KA IR R S AE S X IR S B 45 R
RS EI R R, D H S AR
1.2.2 447 (degree of graft, DG) 158 AP _H
155 (OPA ) v 52 11 Fh 2 367" ;i i R B 40.0mg fY
OPA #f#T 1.0mL H g rh | G ZE I 2 . 7
JMA 20% (W/W) [+ ke FE AR AR 44 ( SDS ) 2.5mL,
WL (0.1mol/L) 25.0mL, B— i % 2, 5 100 L £ J5 FH
ZEMRK EZSE] 50mL, g B, B 4.0mL OPA 7] F
A, DA 200 L £ 5 IR A5 A 35°C K
H S W 2min J5 £E 340nm N 0% SE(H AL, 59 HE
4.0mL OPA 77 T+ 48 i, in A 200 L 7K AVE b 25 1
XFHE . AR 0 7 7%, LA 20 8 A3 AR 5 4 M b o
e, AR 4 gt 3Ae S b A & R m i Co

B A DA A 2

Beb iz (%) = 2= %100

K Co R N HT W B o =,
mol/L; C,: B 2 B J5 v W vh A i 28 B 19 & =,
mol/L,

123 RSB AR RO E P SCERRIE T H
2.0 mL FESAEINA 2.0 mL #& B (7% 10 % (W/W)
SDS £ 0.05 mol/L §lifh) , ARG BERAE 25 11, 7 420nm
T RE W SCIE Ay o

1.2.3  FREH /KM E 0.01mol/L 1) B2 22 nh
W (pH7.5 ) e il A~ [ e B2 i 5 7 5T 3% W (0.005%
0.01% .0.02% .0.05% .0.1% #F11 0.2% ) F1 8.0mmol/L
fe) 1 — 2R e 3-8 — ZE it iR (1 — anilino—8 — naphthalene —
sulfonate , ANS) 5 . HX 20 L. ANS & N5 4.0mL
HEE BT R A IS, dGE I e TR AR 08 6
BE ORI AN K 43 32 390nm Fl 470nm , [6]
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AN 52 AN 2 SYCHR AT 14 AH 07 ¥ S 114 3 P R 4 MR 2 0l
RO 25 . DA 0T MR B X 2 S sm AR R, R
FAfm/ Dk AT i LG, LR A28
JRIGFR K PE(H,)
1.2.4 FIESEAME 88 Beveridge 25 A" 19
Ellman 37438175775, Il 4mg DTNB i3] F 1mL /Y
Tris— H 2% 22 % ( 0.086mol/L Tris,0.09mol/L H 4
% ,4mmol/L. EDTA, pH 8.0) &, Fi¢ i, Ellman 5],
FREL 15mg #E 547 T SmL Tris— H 2 02 2% v ik (I 2=
& SH) A, e Z 75 , A 50 L. Ellman 357 , 277
WE TR (25 £ 1)C FAAR 1Th, 10000 x g 5.0
15min, DLARINER FR -G W A% ES 1, D 412nm 20 1%
SEME (A) o HEAFRN SH(wmol/g) =73.53 A,,/C
(Hirfr 73.53 =10°/1.36 x 10*,1.36 x 10* K JZE R 46
FE,C PRI E R, mg/mL)
1.2.5  fHS7 SR LT NG ST S SR FH A S i
ASHRLT AR GIEIY VECTOR 33 %0 (45 [% Bruker 23H]) ,
145 FF] 55° ZnSe &A1 5 U 4= 2 & (attenuated total
reflection) B4 K %% A DTGS (43#E K 4em ™ S
TEALFRERAF Ay OPUS4A.2, FRER 2~6mg TR AL, N
A 0.2g Ze45 B KBr, — A WF BB 1R i 39 57, & H-, 4
Smin, #RJ5 LTSN G, I & i B ol 4000 ~
400cm ™', FIH BN 32 ¥, FTIR [Eli% 92 FR & KBr
WU T 1, 5 ISR Ly P ERE, 5 Ly
B, $%HE Byler ™ (77 1%, FHl PeakFit v4.12 544 %} 37
F 1600~1700cm ' i Bt J& FWEME 1 45 F5 1T e i 18] 3%
AT T, MIEFELZL , ] Gaussian ZEFH, B 3
BALA, Z R BLA 5% 25 B /o AR 0 TaT BT 35 4%
AR AN . Hrh A TR S TSRS A T
KFH:1615~1637cm ™ Fil 1682 ~1670em ™' Sk B—H7
% ;1646~1664cm ' H o— 18iE; 1637 ~1645em ™' S TG
FLIU 2 1 51664~1681cm ™' Sy B—FE 7
1.3 HE|HH

SR T A g SR AR R = U E S IE, T
PRUER 22 . B Z % 22 K85 56 ( Duncan’ s multiple—
range test) PEM AR L SE A A 9 B E 22 5% (p <
0.05) ,
2 HFRE5HH
2.1 AR SPI-HEER XSRS

FLVEIR T s, AR VR S 5 SPL Y
AL A EPIER N, &1 85020, 8L
HHRENS B P m SPI-ZUBH A B AL i 7 1 3 )3 ek
B, B RS T AR AR R R AL , 4 AR T R 1
A I F 35 7= i BB O, A R TR =i
T AE R o FEIRIR N 4514 T, 24 SPI-ZLE DG
IRE 27 % I}, T5 2L 60min , 117 48 75 58 O 4514 T AN 75 22
20min, JZ ¥ BRI SR 173, KR40 56 T 158 —
J2 07 T e B2 B TR, M S REATR T R B I REFE , 32
BT B

22 S5 F U, HE A AL A% W vy SPT A
GA AL N 3%, 24 DG 53] 34.08% K} ,80°C i
I S5 1A 5 B2 320, 1N AR T R U A TR R AT
40min BIAT LLSE A%, 2 BE B 6] S iR 34 B 1Y) 1748, 1k
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KR HBARFE T HE AN B s T8] 5 $2ASC 40 1) 4 748 A2 B
A—ERE A CA NP, 7 THREFLIR,
P SR AH A I, H D AR s B S /D AR A [R] Y
AT, HE A By T & SR M EE A A b 2 L Al
T IF- 255 1 LR BRAR, R I 37 85 A 2 AR B 1
A a7 BEL, JHE B2 N B T 3 2 RO, PRLIkL , 2
SPI-GA YA 2 W T 5, HAT A Sy B 22 (g B 1 5

B X,
F 1 EFAEEXT SPI-ZLEE) DG (152
Table 1 The effect of ultrasonic treatment
on DG values of SPI and lactose
st [ , s
T.' K 80°C IR AR
(min)
_ AR e An
MEFEFE DG(% DG ( %
W (%) (Apomm) (%) (Apom)
5 1.23 +£0.12 0.07 £0.00 5.13 +0.23 0.12 +£0.01
10 393020 0.1 £0.02 17.06 +0.17 0.15+£0.00

15 7.06 £0.17 0.15+£0.02 21.47 +0.32 0.21 £0.06
20 12.70 £+0.24 0.23 £0.05 27.18 £+0.47 0.27 +0.03
30 16.43 £041 0.29 £0.01 32.53 +0.18 0.38 +0.07
40 22.19 £0.52 0.34 +0.04 40.16 £1.53 0.51 +0.01
60 27.88 £1.02 0.49 +0.05 42.58 +0.97 0.62 £0.13

2.2 HESH

SPI- W3 A [ BV =32 8 L SE L A8 Jz iy Sk JEail, B
FFHE AT P AR MEE R B b & IEFRE ST
O A s 1) Fe ik 22 18] PR 8k 20 N7, 2R B X 2 b
1 23 Ta)SE RH 2555 Wi 2257 52 N A R 3 I A80R , FE A AF
gErh, JEORLEE 1 SPLLSPL & T o T i, 4 &2
4%, s Hogh 4 AR A0 0% R A 1] ge X He e A I vy
rE
221 HHAEXMWAI TEEA-PEEREAER N T, A
FH 2 3L B W FE A, AN R, H &AL
ARAb B 3R B 2 B HEAT . 3R 3 45 R R, 7
IS T, BB E R A &L T R = AL, T
FEALERAS SPT [¥) [ b 203 o B2 i 3G, 2 rs Ab B
60min M}, [ 20 3% B9 & & 0.86mol/L 4% Jin %]

WR S &t

0.98mol/ L. {EH W K 8 FH /M i F A AH R 19 2%
P, gead 75 Ak PR Z 1 B i 2 RE 5 B 2
N AT A S5 1 B 2 B i) U ) R BE KA A8 0 1) 12647,
PTG S = W B A S N o 1 Fl 203 g 2 i m]
AESE DA DAyl 7 Ak B S B T A 1 ST EE A R 2, B A
AR SEVE ] o Jambrak 251Dy 1R R R A 23 5 R
AT hE BRI, DT S S
222 RimgoKTERAEL KRG E AT 2R L-52
FHPRH I Ko+, FEE AR e 4% b, 250K
LT 57K 73 5T U, R A 1 B K 3 I I 3 S
F o3 JE [, 7235 505 ZMI T 523 A X35 i
G PR ) B 7K P 7K R DU 3 g K B A E 2 T AR
558 o L AT A5 A Y O A ) < R (2
SEYERFIR [T A A R AR Y xR
FBTAAS E TR A R A 1 R e B R X,
H T8 H 5 R o 1 S5 M, 2 K Pk (Surface
Hydrophobicity ) 52 73~ [] A4 AH ELAF FH , DRI HE & 1A
FRYIERE 7K e B 1A O P D B LA B R i B

P 1 5 SRR, A0 i PR A5 Ak BEER RE A SPT
B 2 T BT I P Sk 2 3, G b i A R A A BRI [E] Y
FE, 2 1B K 3 R 5 B AR BT SPT R 2 T B
IR EA —5E B2, B2 I R] B 2 1, e s
ZTREAR . SPL &5 A7 K 19 g /K P 2 S PR I i , JC H:
TESFT N ER, IR RE A 2% b 2% B 11 2 11 B3 1 Y i
IR B IR EE R R, SR K PR s AR
AR, B b PR BE 0 (G0 B AR BR 2R 11 20 1 PN AR Y 5
VNG =S N TR s s S S E TNV N i i 2
e IR PE ™ . B2 AT R B, Y AR Ak Sk
HEATI, SR B TR R AR, e K T BROR A A,
A roE s K AR e SH/SS [R]AH B8 AL T 4R BEDT
B B R TF AR T RE o B S A R
AR EAE P 25 AR08 S A P 3 A A v ™ Al P 2K
R TSN I, 25 AU 35 AR i L S R AR Y
e I, LA KRR B B v e, s P B i O B el i (3%
AH) FIE BE K 400km/s IR AL (AR AR ) L BB 51k
HARA G AL BFTE R, P 7 AR i =S A sk

F22  ABAEALEENT SPI-GA ) DG 150
Table 2 The effect of ultrasonic treatment on DG values of SPI and GA

80°C A A
A1) (h) DG(% ) 425 (Ao ) B} [] ( min ) DG(% ) 78 (A o)
4 12.99 +3.53 0.13 £0.01 5 2.52 £0.42 0.02 £0.00
8 2433 £1.98 0.27 £0.03 10 13.85 +0.67 0.08 +0.00
12 25.53 £3.35 0.32 £0.04 15 15.11 £ 1.05 0.11 £0.02
16 28.65 +1.92 0.46 £0.08 20 17.13 £2.49 0.16 £0.01
24 3296 +1.32 0.51 £0.11 30 22.17 £0.73 0.22 +0.06
32 34.08 £0.24 0.64 +0.09 40 33.27 +2.06 0.29 £0.02
48 33.89 £0.93 0.73 £0.08 60 34.11 £0.73 0.37 £0.07

K3 R AN TR I [ - 0 AR AR B, SPT A [ i 2 22 Ak (mmol/mL)

Table 3  Levels of free amino groups of SPI after ultrasonic treatment and classical heating at different times( mmol/mL)

A 8] ( min) 0 40 60
T5E (80 °C) 0.86 +0.01 0.87 £0.02 0.87 £0.02 0.87 £0.02
AR Ab B 0.86 £0.01 0.90 +0.01 0.93 +0.01 0.98 +0.003
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Fig.1 Effect of ultrasonic treatment
on the surface hydrophobicity of SPI

223 FMHmEEFTELAL  UrE s M (-SH)
MR (-S-S-) B REHEA T EZEWIIGERA,
AR e e T A 1 nY ZE R R, X 4R 1 B T R
PESRA SRR o T HE F S A O B S 2k 5 A PR
I3 — BT B R A I R I Fi L, I —ER
HRECAE ST IR RS FRULH L & B AR ML RE %
S W HY S R R A A B A

ST BIVES b Sz ey SPT FE J2 iy v 36 U8 %t ik 19 A8
A, 38 O AE SN A A R o BB BORE , BRS04
T RN P A PR R AN ] 4b BE 7 X SPT %
FLAYFE I, G5 RN 2 TR o B B ) R SE 4, SPI
TR AR R, FOUHT 5L A0 & B =0, W1 = I 4h
FEEARG o 17103 3 n A A A 86 10 e 8] L (Smin ), 2600
it A B AT AN, R S B TR B .
PR AR IS SPT B9 i 90 45 40 18 B Bl R, K% fif
B, BiK G5 BB T A A BB R DI WY, 6 9K T it £
2 R T S 4 A B T A R A T A o S 3 R
FEihok . RN, Tz A SR TEA S A 3 TR,
T e 1R 0 DT AA it W AR T, (e B8 2R F 5008 T
[l HES , 535 [a) A F s , 2 48 2% 5% H R 19 s 4k 3 nT
[El=t ) SR e L D= N W2 W £ o o At 5 S N TR [ WP o4
PR A U B 3 ik 5 B s/ o SRS T8] ) B4k B A )
THEE FURBERY SR TT , (ELBE G B[R] B0 SE 1, 25 71 BT 4R
BRAE  FOULH AL 5 1 BRI
224 TREAEAL-FTIR S04 35 H R A 2S5 [A] 45
RS Ak SRS RSPl PR N IDE P S IRy & SN
EIRE SPT FEAN[F] # 4k PR S 20454 1y 22 1L BoAy
M R EL A0 o 2LAMTE 2 —Fh H i aR o F Y
SrAT 22 RN AR 1 BT 2 G5 B0 U7 7%, RE 8 LU R HE A
Hib Fz e H RS 45 A4 Y A2

R4 GERFRY] LSS, SPL 43T i a— 1R
T B~ 78 W A v /b, T TG KL U 5 iy DU B A 0 22,
B SPL 731t A3 P 4 A9 2843 0y . 24 SPT 2K
PUR 0 T Y o— BRI UL B R oD (B B - S A 1Y
Jan, T IR A AT 2D UGB SR BTN — R AT )
LER I 1) Iy — B CAT R A5 483X AT BE S AT AN TE A 1Y
H BT R AR A L

Fm K (H,)

Vol.34,No.07,2013

12
—e— L IE A
& 10 [ —— frAbe
°
g 87
il
b1 6
=
B a4t

0 5 10 15 20 30 40 60
4k 15 7] (min)
P2 OR[RIAR R 7 O SPT % 15t Bl in ARt (] 22 £ Fr) 52 )
Fig.2 Temporal development of the sulfhydryl content

in the SPI with heating time in different condition

4 AR FTIR
TS SPL Y — e 44l 5
Table 4  Secondary—structure content
of SPI treated in the different way by FTIR

CHERI B (% )

T T T ptiE ptef KNG
SPI 10.84 36.14 18.25 34.67

TR I 4.59 38.34 25.56 31.51

R 7 Ab B 3.63 17.14 19.38 59.77

2.3 BARIEQ-HEESEREIIENISRT

B I 5 A B A BAE FH 09 25 A 80 2 B R
PWAER AR P = B A N 1 s T, s E—
AN A ) BT R, 8 AR R B A AR R S D
VEF T 8 3%, R A PR 55 L A2 K IR R A
M — R ) 1 R, EEAERAS SRR
ZEAEPIFP S YRR S AL R TR S 0 B RIS P A
=AY, FR/NTE HAE 8 R T B s YR 9 , 2 3 7T DLk
AR MBS S R KRS mEAT
A RBEAFAE — Aol LA 75 Il JE] 3 g ra] , o 75
VER T 25 A v S 3 O, Bl 2 7 75 U O R AHVE R T
WL B . — B S S L E B T e A Y
B (AT 3k 5000K LA ) A & (AT ik 1000 4~ K=
JE) b R i B s 2z — P i R
VEJE R 7 58 = JF U Bl 19 o 2, 25 Fe B 7
A TR S R LR 47

150 1 s
Ji
vg 100 F
€ ERS
g
RF 50
Ak o
0 | | | { |
100 200 300 400 500
i8] (ms)

P32 A R A AR R e A
Fig.3 Bubble growth and implosion irradiated
by sono-cavitation
0 5 JRE P A P A A B AR R I, 2 S Al D
JE W5 T B Jo) SYY P IR 0%, A 0% T Ak T S iR A BE R RS
P PR SN R B AWl A B s, A 5T A B IR TR
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AT R W, 24453k 20kHz, 7558 1= 1W/m’ [
TP AE K LR BUK I % p = 1000kg/m’ (173 ~
173kPa) |, fe K & 0 3 Gk 14.4km/s™ ) X Fh i
B RIALIRIZE Bh58 434 7T BEXT SPT FHUBE %) 7843 422 fil Al
HZE B sTlk. 2 H S50 R N8 & U N, 1%
SN AT T B HE B B0 B A, R S 5 R I A8 K ke
TV AETRARA S5 T B 2S A, 25 A R 35 A0 AR T
Ak 7= 2 SRS WA i Ui, S A AR v st AR 1 L A
KRARGEE, DL R BT B 04 v YL, 3 18 B 5 R i) v
53 (SIAH) N5 B2 3K 400km/s T (JEIAH)
TE R R 50 22 ) 42 4 i i AL Al 1 R s 5
A5 R R 1 RIURE 43 1 7= AR R 2N AR B, (S 0 B 3k
P =22 18] FE 43 FE UL , BlEARE LR 0 , 52 0 i sk

N g L N DN O S AN v R R P ¢
- BRI N T, A AR R N IEA, B
AR AR 23 5 M B2 | B i 64T . A ST & 3R,
75 72 AR 1 23 ARBSON AL BRSSO B IR T AR L B 4T 1Y
VUG 45K, B /N3 T 1A SIE 366 ( 11S 3P 35k ] — A 4t
WL, IF L4y B ) AL (7S M = RARE [ %) Y.
WFFE R B A SR S % W b SPL By T s /K HE AN
SR FE 3 o B 0, 2R W B A0 RS T e R o
TESTTFRFI 3 & 25, (R N 25 5 W)
JEWIYEL L BT [ AT 5 CBE B9 Wi 24t S35 SPT B9 A
SR T W R, DA IR B 1 — WA S I 17 2k
A7 ; [FEs), SPT 43" 1Y o— BEU5E I B— 7 & BH Wy,
T JCHILIU] 3 DU B 4 34 22 | SPL 43 —F A )7 45 F A8 45
TCIF , B A i As TS BELEAIC, 450 P9 2 22 B 2L iR 3l v
TN FE A 0 A2 fle, JIn SN B3R,
3 #ig
3. R Y S O R - b R R N i — BT
B, aT Ak 28 5 BRI R R S 2 B SRR
IV, DA 1 207 114 28035 I R ARG S I BEHRE , Sk 2 11 o
BlESLAL A PE 19 Tk Ak 87 FH $2 A6 T — %08 Y SR R
ik
3.2 SPI i AbER)S , A & & R m sk
PE LRSI S B B ERIN, W2 A AL RE
Hske , hnE A SR ILM &G LR, g s g5 1 3k
B, 6 A o= BEUREFIT B — 37 B B S vs 2L, T G R D)
2 10 P S 36 22 | 2 P A% 28 () Aa7 BELRAR AR, (o PR & 7
FURHR Bl v SN 3R A i R e, R A RN (1 35 T o
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Abstract: The chemical components of essential oil from Pyracantha fortuneana fruits were analyzed by GC-MS.
The antioxidant activity of essential oil was evaluated by total reducing power, scavenging capacity against ABTS
free radical. The results showed that thirty —two compounds, which occupied 71.97% of total constituents, were
identified. The terpene and alkanes were dominant components in the essential oil. The essential oil exhibited some

antioxidant activity in a significant concentration—dependent fashion.
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