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Effects of Pectin on the Structural Characteristics and Foaming Properties of Soy Lipophilic Proteins
JIA Zhiyu, CHEN Xinnuo, YANG Yanru, SONG Jiabao, XU Zheng"

(College of Food Science, Northeast Agricultural University, Harbin 150030, Heilongjiang, China)
Abstract: To enhance the application potential of soybean lipophilic protein (SLP) in the field of aerated
foods, this study used SLP and pectin (PC) as raw materials to investigate the effects of different mixing ratios
of SLP and PC on the physicochemical properties, structural characteristics and foaming performance of the
composite system. The microscopic morphology, average particle size, Zeta potential, intrinsic fluorescence
spectroscopy, Fourier transform infrared spectroscopy (FTIR ), surface hydrophobicity, interfacial tension and
foaming properties of the SLP-PC composites were analyzed, and the microstructure of the foams was observed.
The results showed that compared with pure SLP, when the mass ratio of SLP to PC was 4:1, the foaming ca-
pacity of the composite was significantly increased to 125%, and the foaming stability was improved to 43.6%.
Structural analysis indicated that PC bound to SLP through hydrogen bonding, electrostatic and hydrophobic
interactions, which induced protein unfolding, triggered the transition of the protein secondary structure from
an ordered to a disordered conformation, and resulted in the exposure of buried hydrophobic groups and a sig-
nificant increase in surface hydrophobicity. Meanwhile, the composite at the SLP and PC mass ratio of 4: 1 had
the smallest particle size, the highest surface hydrophobicity and the optimal interfacial activity. These proper-
ties facilitated its rapid adsorption at the air-water interface and remarkable reduction of interfacial tension,
thereby constructing a thick composite film with high viscoelasticity at the interface. In summary, PC can effec-
tively regulate the structural characteristics of SLP and enhance its interfacial properties.

Key words: soybean lipophilic protein; pectin; non-covalent interactions; air-water interface; foaming properties
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K ENEYES H (soybean lipophilic proteins, SLP)
S MK 5435 85 H (soybean protein isolate, SPI) H1 43
B B — R AL R AR PR AR 1 4 ), R e AR
MR, AF5E F B, SLP AH K G 8 1 4 4y
(SP1.7S DA K 118) HA B 5+ (4 A v M RE S vl RS 2
P TR TE R S SRR R R U T ) B AR
7, B —H FRRE UL IRTE S A PR A6 T, i 3%
PR RE A PR O IRAR E M 22 , S BOL i i
S BRI E LA 2 SEBR AR 7 BRI, A B
HEATIEM , LI R SLP 76 & 5 s i i FHR,

h e X — BRI, 22 W R S T S AR
EIERPED . L (pectin, PC)J2 LI EZUREBERR N T
i, A B A A o OB R AR R LR R
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ff AN TR N ES T B pH E A B B B4 (9 i 22
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P SR IE, YT SLP AR HLAT S AU IR E
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PC RIIA SLP BRAL S548 LA B I AR PE RS20, LU
Ji& SLP AE 2R R ORI AL 78 R il AU Uk I ]
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1.1 Ak

IR MGG SR IR & E AT BR A Al 5 SR : b
TR A R A PR A 5 8- AR e - 1- 28 R ( 8-ani-
lino- 1 -naphthalenesulfonic acid, ANS) : A AR A
A6 Bl B A R A A 5 — M sk R (bicinchoninic acid,
BCA) 8 A& S A HriliA & Jb st RS FRHCA PR A
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12 U5

PHS-3C # pH T} BB # AR R A R A
) s HI-6B BYRE 3400 HE % - 95 3 {30 Co M) A BR 23 ) 5
GL-21M =3 v R B OoHIL - e A S g 2 A TE A
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A8 2 B ] T IR SO AT RN 7] 5 UV-6100 £85k-11 L7y
BRI : H AR A ] 5 F-4500 BIHOE 66
FTIR-8400S 7Y} HL 7R e 2T SN - H A H 32 2
A s BX53 A6 WA : H AR SR S AT FRAA 7] 5
OCA25 A2 422 firk AR I &4 . 75 =) Dataphysics Instru-
ments GmbH 28 7] 5 Y25 B & 38y Y HL . b1 243 A 3%

HBRHE
1.3 ik
1.3.1 SLP (14

S i S8R IR AR B KGR A ok
FERRR L 1:8 (g/mL) 43T 22 77K, 1.0 mol/L
NaOH M35 2 pH5.0. IRAEWLE 25 CRHEFE 1 h
J&a . F 4°C.3000xg 744 T &0 10 min, BJE B E
WA 10 mmol/L Na>SOs3 W , F 1 mol/L HaSO. 1 ¥ i
5% pHS5.8, 28 8 000xg B0 5 min WHETTIE , FFFI4x
IER AL 2 pHS.0, 7E 55 C/AKIE N 15 min J5 AN
A 50 mmol/L NaCl W, IR pHH R 5.5, |54
3 000xg 0> 10 min YWETTHED) 2185 3K45 SLP,
1.3.2  SLP-PC &Y %

FREUGE it SLP 1 PC 73 5l T8 F K fE = iR
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FE S RSB RE 2 h, 2 Bl 43 SLP 5 PC i
B 1:0.1:1.2:1.4:1.8:1.16:1 ESHEW .
SLP [ Fe 24U B 5 ETE 1%

1.3.3 H¥h 7 B ik (scanning electron microscope,
SEM) M52

Z: 25 X W SO T KR T R RE ol R v
Jiats [ e AR AR b L B AR PR (] SEM FE sk
B 5 KV JBORAEEL 200x 5514 WLEERE i B EME .
1.3.4 SEYJRIAEH Zeta LA E

PERE AR BE R 0.1 mg/mlL, SR FVRLIE K H 457 20 Y
1 25 CIE S RAR 5 zeta AL, ME N, LA
SPRBEN 1.46, 5 BOHIT IR R 1.33, 1K 3 1K,
1.3.5  WIEZOEEIEEH

Z: MR Al-Shabib SEUO 5 vk FF 38 M5 o, A 5
Fis BE A 0.10 mg/mlL, 2R FH%E 64066 BE T 5 26
T MAE S Ok WK 280 nm, & SR K VL
300~450 nm, & 5 K G4 TEEE Y 5 nm,
FF 1200 nm/min.,

1.3.6 {8 HE M-S 2T #p 15 (Fourier transform infrared
spectroscopy , FT-IR JESED ]

PR TS BIRE S S TRAEET (KBr) 2 1:100 Y5
B HOIRA IR R, 2R S AR B 2T SMEREALAE 4 000~
400 em™ PG B I E ST, A3 HER R 4 em 11,
1.3.7  Fmgikd:(Hy) &

H AN [R) A it 0 B B 22 A () v %2 (0.08,0.16
0.24.0.32,0.40 mg/mL) . HX 20 pL 8.0 mmol/L ) ANS
A% 4 mL ARG BRI, 76 25 CF LAY 15 mine %
KN 390 nm, LK HFHEAE N 470 nmo SR FHLERIE
GBI AR SR LR AR RN 1 BT AR H U2
1.3.8 Stk S e

R A X0 SC T S0 A B Rk TR v A ' 4 ek A
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]2 SO B 5 R s R K T AR B AT 5K g . i
PERES 2R G5 E S 2 i 10pL BORE Sl I8 TR , 1)
CCD AHAIL % 22 W W JE AR 2 000 s, FFHL 4 Young-
Laplace 7 25 Ml i 50 B0, 11 A E 5K T (y) o
1.3.9 & 1P (foaming capacity, FC) F1 0 3K £ % 1k
(foaming stability , FS) il &

27 Garcia Arteaga 25 J7 538 28 040, KA
AL SR VAR AE 25 °C .10 000 r/min | 38 i 5 s 5 U AL
Jii 60 s, - Him 2430 (D) A1) 73 F A FC AT EFS,

C = V,/V, % 100 (1)
S = Vy/Vy % 100 (2)

KA .CHFC,%;8 1 FS,%; Ve Vo 43 I 0,
30 min B AYALRIARFR  mL; Vi W4 BRI TR, mL.
1.3.10 ik BigE B

WIARTE WG | 57 BV S RE i ik & 1 88k A -
IR LR B 2E WA/ BIIAE 0 min
F1 30 min IR OIES
1.4 A e

Jr A R AT 3 WK, S5 R LB hn i 22 3K
Noe A SPSS kA4 (version 22.0) #4780 704, % H
PR 25 2543 BT 1 Duncan K 36 XHECHE EAT 22 SR 4
Bro i Origin 4= s EIE

2 HRE5SH
2.1 AT RIS L
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Fig.1 Changes in microstructure of composites with different
mass ratios of SLP and PC
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H Bh 3 AOGEU R AR X SLP-PC 2 4 W) i) - Yk
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A 3000
2500F a
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Fig.2 Changes in particle size and Zeta potential of composites
with different mass ratios of SLP and PC
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T LA U B PC AT RE S SLP 26 18 SB35 1F H i A9 [X.
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Fig.3 Changes in intrinsic fluorescence spectra of composites
with different mass ratios of SLP and PC
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2.4 (HEMARLT SMETE AT

FT-1R 1E R RAEE F RS54 5 50 F A EAE A
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GaskgEAE , AN SLP 5 PC HR N E SR sh
ST AR T S A AR AR AL DL 4,
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Fig.4 Changes in FT-IR spectra and secondary structures of

composites with different mass ratios of SLP and PC
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Fig.5 Surface hydrophobicity of composites with different mass
ratios of SLP and PC
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Fig.6 Surface tension changes of composites with different mass
ratios of SLP and PC
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Fig.7 Foaming property and foam stability of composites with
different mass ratios of SLP and PC
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5 PC it U 1:0 2846 & 40 1, iR 2 P 25.6%
PER R 43.6%. XFPELZ A A REIRIAJE PC 5 SLP 7]
REAE A AL PRI T — 2R H B a2
A LA AT IR S AR AR TR R T B B, IR
WRUEME. M SLP 5 PC Fiwtb/NF 4: 1, BEE5Y
B T R R R S P S RO, X AT RE R T
K PC I BOR 2 5 B K ot v, T B i 1

S B WIAEZS K ST IR R DRI B R e v A it
IRESEPERY TR,
2.8 IEIRBOREHY

SR 2 B SLP-PC & A W78 LI TR (1 ik
WLAE R HEAT BOWRAE . A SLP 5 PC ik [ R ik
RO S AE R UL I 8.
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Fig.8 Microstructure of foam composites with different mass ratios of SLP and PC
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