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FPI-L12 4% 2 A XA B RGHrh, 54RO BAML, AL FRRLEREAY, A LI2 KEN i, FPI-
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Abstract: In this paper, dextran (L.12) and faba bean protein isolate (FPI) were used to explore the effects of
L.12 concentration (1% and 4%) on the rheological and functional properties of the FPI-1.12 composite system.
Compared with the conditions in control group (pure protein), the apparent viscosity, viscoelastic moduli and
hysteresis area of the FPI-L12 composite system gradually increased as the .12 concentration increased. When
the L12 concentration was 4%, the emulsifying activity index (EAI) , emulsion stability index (ESI), and
foam stability (FS) of the FPI-L12 composite system rose to (47.47+1.77) m¥g, (92.64+4.62)% , and
(92.82+1.98)%, respectively. When supplemented with 1% 1.12, the foamability (FA) of the system reached
the highest, which was (92.00+2.16)% and when added with 4% 1.12, the FA was lower than that of the con-
trol group. In addition, 1% L12 significantly reduced the gelling temperature of the FPI-L.12 composite system
from 86.43 “C to 56.20 °C, while the storage modulus(G’)and loss modulus(G")of the system with 4% 1.12 did
not have an intersection. The G" and G” of the FPI-L.12 composite system gradually increased with the increase
of the L12 concentration. This paper provided a theoretical basis for expanding the application of FPI-L12 com-
posite system in food.
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5545% 5790 RRARSHR s
B T LA ELIP MR e FLAE 0 KR Wyau AR
PRSI EE O SR R MR TR 13 I
Ferh TR RN RE P £ B AN, AR TR 130 ATHERE L12 (4R
10 D4 L R 15 B [ 9 S BF S 5 0t 4 SO BIF 5 T 0 R B B

A A E AR SRR (29%) , 8 77 F 5 SR g0
S — A M A I B O IE , T VR A T RE I A R
oy E SR AN F Y, A 58 H (faba bean protein isolate,
FPI) 3222t BR AR (AL, FLR SE R I A , & A AR it
Pl BREE 1 R e A R U O T VA AR R 22,
I 8 R PR o i I AR, B0 fg
FRPE 2 DRI FE £ A o 4 1 FH A2 3 BRI

ZWE ] DASR S B A R M I, R T 2RI AR
AR R v ] DU HE R B BHL R SR 38 2 1 5 B0k ITT
VE, Razi SEUIFY & B0 BT I g o 35 A AT R
FI AR RN D et . A ERERT (dextran, 1L12),
JEFLIR B LAENE N S W = A i (R R A 2 08 P A
a-(1—6) \ Z#E a-(1—3) (a-(1-2) 5 a-(1—4) #E
A, FLA R A= AR 25, 1 S A 390 e ) A
I BEFN AT N TR 2y B A T ARSI, PEdi
1, 20 g/100 mL 47 HEd I e RsE e 2 2 Ry A8 22k
JERO), T A AR ik J3E A e I 0 e R 1 AR e M R
TIRERFPE Y 5 R WA

P A5 LUAT RS S i AR A E SRR A
WFFEXT G BT AT TENE BT VR E (1% 4% ) % 4% 58K LK
RIS 2R (Gt s 2 R4 AR M) K ) se gy
PE(FLACMERE GEIRMERE R EERRE) B s2 ), LU Ol At
EE PR Rk ST R IR IR I S

1 M#EE5FZE
1.1 ARSI

AR FXSARE A WAL T A BR AR FrigE B
TRIA L12: P98 T 2 A8 AL Bl 22 e & B 1 B E
AR ZE 5 Wi R A 0 IR — U (X R o i ) - R
7 KU Ak 22 R B A BR S &) 5 RS (43 at) « PE P B
22 RN 7] 5 oK S BE (o pirad) - Kkl k Rk
IR BRZS 7] s MRS 55372 - 5 5 Bk Tl Jel v 1l
A ARAT BN T 5 KT - PR I T T A s 4 AT PR
N T TR R AN (T4l AL RS R RHE A TR
ST ENTAS GRS > TR 14 kDa) < 4B TAEY T2
() A A BRZA 7 o
12 U5 E

YXQ-LS-75SI1 i & B 5« b I A A A BR 2
] s MARS40 W 72 3t 2 A% . Multiskan Go AR Y « 58 [
Thermo 23 7] ; LGJ-25C R ZR T - Jb 5t DU SRR 2= (4%
] BRA ] 5 FJ200-SH %05, &l 43 B L g
Bzl A BRZS 7 59210 pH - MR8 HEH) Z L (o
) A PR/ 1) ; DAWN HELEOS 8 OGS : 35

T-80 CHIF T HRBRTE L12, 3% 1% (AR FR 7050 4 /b
T MRS MR RS F2 5L, 37 CIE 9% 24 h, 164k 2 RS 1E
PP & o SRIGEL 1% BIFPFIREFP ] MRS 1K
KRBk BE 3R 3 b REME 5 o0 10 /100 mL; B 37 551
430 °C .80 r/min .48 h, H4 K FEIE T 8 000 r/min 5.0
10 min ZBRHA, LIER 80% 1) =5 LR IHE LMk
B 5%, 15 13 FE 2 h, 8 000 r/min B0 10 min £ EHE
H, s 3SR 3 A5 JC/K G EEUTEE 12 h, 8 000 r/min
B0 10 min WEEDLHE , B 12 h #e— K&K , B
SRR T RS AT TRERE I (L12) .
1.3.2 L12 A s

Z: B AR S VO RIS T v, T 22 0 B DO IO
{53 B L12 350 1 i, R G Lk &0 ('H
nuclear magnetic resonance, "H-NMR) 4387 L12 #4514
A%, F5 IR Monteiro Z5M WIS 1, e FEBANE N
4 0.3~0.4 mm (95 [CFFFETT, 25 CHMllE L12 BY%F
PEFGEE . {1 Huggins A3 F Kraemer 24 XK T FE
PR ],

T =[y]+ KInfC (1)
Inn,

C =[nl-K'[nFC (2)

XK N Huggins TR K" Kraemer ﬁﬁ;nsp
3 LR EE AR m— 1, dL g € S BT R T, mg/mLL;
0 N FIXT R, AL/ 45 0 [ 1A 7 TG B AR Rt 1) 41
e, dL/g.

1.3.3 FPI-L12 B &R R MH &

FREL— 22 5 19 FPL SO [R] T 4 40 B0 L12, A
pH7.0.0.1 mol/L IR 5 2% Wi W , (145 FPL 1 ik &
M 15% , 112 WePE N 1% 4% , IASTRIN L12 15 g % 1R
IR R &R R G IR ST
1.3.4  FPI-L12 &G R WAL Ve Bl

1.3.4.1 ifshihgei sz
Z: W37 Bl 48 0O B 57 7 v TR AE I ok, SR IR

AR ppS0 RS0, MrIEIE 1 mm, B AE 19, BT8R
FIFEFE R 0.01~1 000 s, MR 25 °C, RGFA 3 min
JEE R GRAZR B , BT Carrean BRI G
AR RE B () B BY VIR () (AR TR 3

pe MM (3)

[1+Ar) ]2
e A F G YT R LK MBE, mPa-s;n.. 8 TG
FIR Y T R ML EE , mPa-s s A Ay BBEVR Ui A4 45 #4) F) P 1]
W, ssn TSN RFVESR R
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1.3.4.2 B4

Z: BB 17 [ A6 S0 O BIF 5 7 v JE R A 738 M8 e, R
ARG I T S HORE R, BEAE 1% (b T2 PEFE 5 IX
J D IR EE 25 °C, BT UTHURIEEY 0.1~100 s,
E TEAN[R) A 3 B S LN B2 A R R R st A (67 ) 55 %
PEMLEE (G7) o 3l RS 6/ F 67 BEBT AR
(N B F

G' =K' f (4)
G'=K"f" (5)

KK K ARG BEE R0 o R 4
1.3.4.3  filAR P 2

2 By P S 5 R A Tl S B e, R
FHSEMR ppS0 ZRG0, MrIEIHE 1 mm , 52 R N 25 °C, B
PIHEZ M 0.01 s BEHNE] 100 s, BEJ5 M 100 s F [
#] 0.01 s, i# 13 RheoWin Date Manager A B G
M.
1.3.5 FPI-L12 &K R MWD REREEN &
1.3.5.1  FLALEREM &

LAk 1 fig £ 45 FL AL 3% P (emulsifying activity in-
dex, EAD) F1FL AL A2 2 P£ (emulsion stability index, ESI) ,
BEEZFULIERES IR Baskiner ZE03IRG BF 58 07 8 3
PEATHE S4B, B 8 mL AR RS 2 mL FOKIMIEA,
JHE S 780 3 B JRALAE 20 000 t/min R348 2 min,
S7EPEL 50 pL FLBEANA 5 mL 0.1% B+ ke B iR R4l
(sodium dodecyl sulfate, SDS) % ¥ , i HE 3z % ¥ 2, LA
0.1% 1 SDS W h =5 1, P AL 500 nm A8 I 5E WO
BE 8 10 min J5 I [FRE 7 2% 00 5 LV A W O B
EAT A1 ESI B33 A28 F .

4.606 X A, x N
= (6)
C x(1-¢)x 10000
_Ayp
S_—AO x 100 (7)

Ao E AFARIEYE, m¥Yg; N A H BEAEEL, 1005 C
KRR Y o/mL; o AFLIBT AR BRI S
R FACTRENE % 5 Ag BT Aso 53 3R FLIEHE E 0,10 min
A B I '
1.3.5.2  JiRMERRN &

IR T BB 8 A5 A0 5 B 7 1 (foamability, FA) T3
K25 PE (foam stability, FS) , 2 &K R B IRTERES
M8 Baskiner SR AIFSE J7 151001 138 M8 00, B 10 mL
HARR, R &5 HOY BHLAE 20 000 /min T
BI 2 min 53 ZIEE RS B2 B D I RS 0 min
A1 30 min BRI E A R RS E R R T T
/N W /(1

V

A=-1x100 (8)
V()

F=ﬁx 100 (9)
v,

A A R, %5 F iR AR E T, %5 Vo A
BT, mL; V, F1 Vi 23 5 83 55 0 min A1 30 min A
IR, mL,
1.3.5.3  JEERePEN 2

B AR R B EERRE S B 2 A SO IR I 5 T
FEIEATIE MBI Y FPI-L12 &2 AR R it
A7 ek B FNOA R A o TR A A I A A < R AR (] R
1 mm, FAE 1 mL, FERE 5 5 88 10 10 2 0 — P8I RE il LA B
1K 25 % , 1 20 CTHEZE 90 °C,90 °C R {4 30 min
J& - 90 CRE 2 20 °C, FHER BRI R 5 “Clmin, Ml
R 1 He, N AE 1% IRERIGEE ARG, 37 RIXHRE Stk 47
TR AR A I A% A R BEAR BB 1 mm £
B 1~100 rad/s W AE 1% 0GR EE 25 °C.

14 BdEAbEL S 5 Hr

AR 3 HE K, >k H SPSS 26.0 Fl Origin
2021 BRAFHEAT G T SRR, FH B 2 5 25 73 ik
R 6 45 G024 7 505 T A 45 3 DA Y (8 + A o 22
For o

2 BER545H
2.1 L12 (R4 5 2B
L12 B oA L2 1,

R1 L2 BUERSN
Table 1 Physicochemical properties of dextran (L12)

File  HIST FWFHE FREREE/ T W

BT 4/Da (mPa-s)  (dL/g) ' S A%

LI12  3.86x10°  408.7 6.14 —6)-a-D-  87.79
Glep-(1—-6)
—3,6)-a-D-  12.21
Glep-(1—6)

F 1 A A1, L12 I EE 5 F ik 3.86%x100 Da, 7E
0.01 s FHYFRMBLE N 408.7 mPa-s., & #wiorHr
J5 12 f a-(1—6) FHEM a-(1—3) LHEH M, H &
F 90K 87.79% F1 12.21% ; WA , Rk 3 1 — i ok
i £ Y 0 Hp 22 WERE T o A SRR, S A
O3 T 2R R R M A SE0S), 12 FEZEAR K v i b
BN 6.14 dU/g. TERTHIRFFE Y, L3 A e A I ok
Xof A WL AR AV RO AR AR R B, 2 BRAE 15% 4253
W R AN L12 AR T 1% B, FPI-L12-1%
AR R TRAS FE M T 5 25 A B A HLTE 25 57, 1
L12 BYH N 4% B F23T SEPR s Ik i o e L12 1
WREEBEFE R 1% 4% WFFEA IR T 2 AR R AR
2R T K D) RERE
2.2 FPLI-L12 B GARR AR AS SR B 4 B
221 fshithZesrdr

L12 ¥R FEXT FPI-L12 & & 1k R R W% 1952 10
LA 1,
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Fig.1 Effect of dextran (L12) concentration on apparent 350
viscosity of faba bean protein isolate (FPI)-L12 composite system 300k —a— FPI
—o— FPI-L12-1%
T 1T ) R, 2 UL Sl £ 2 T PR
o
R B TR, R T IR AT, SR 200F
PERHIE . 2GR R A FRILRR B IR 243 T X0 IR 20 ELRE A 150 -
112 S BE BRI 3T o T L12 LA —————————
PR, v BB R il 5 5 R R IR Ry o SR s DOURTT 0— ' ' ‘ :

9 BRI AR P - 2 SR A R 1 2 B A TR
T SR B B I T

K Carreau BN 2 &K 2 AU s i £e E 1 7
AL L12 WX FPI-L12 B AR R Carreau LA RIS
B R L3R 2.

F2 LI12RER FPI-L12 E&4 %R Carreau IS E S 200
Table 2 Effect of dextran (L12) concentration on the Carreau
fitting model parameters of faba bean protein isolate (FPI)-L12

composite system

Ben RIS R
Mo/(mPa-s)  m,./(mPa-s) Ns n

FPI 6907 0 2297 031 099

FPI-L12-1% 57710 0 50.57 038 0.99

FPI-L12-4% 5501 000 0 24690 0.27 0.99

1% 2 Fr7R L 16 0.01~1 000 s~ Fi4 35 H7] 58 255 Bl 1Y
Rt b S i s 2. BEFE L12 W B35, no &
WOk, UL A R R TE R B U R T 1) 2 W 2 B Bl
& HR B I I R T o A (SRR AR S A Y
I PR3 50, A (B )S | 2 BRI A4 0 75 1) BY 1) o %l
A0, M Carreau IAS AN LIF H L BEZE L12 R
B3NN, B2 AR R AT A (BB W88, IR IR &R BT Y
B R H )N
222 WA

AR ZR R SPEAT g nl DA i 2 it A AR AL
KeFon, L12 WX FPI-L12 &2 & 1K 2 2w vk it 28 1k
LA 2,

i 18 2 AT, 78 A 3 B R 0~50 rad/s B), A 1K %

0 10 20 30 40 50
T/ (rad/s)
(a) FPI-L12 S & 1R R IR B s ()2 FPI-L12 RS IR R %
PR
B2 L12REX FPI-L12 EFFEEER(G) 5HEESE
(G") Ky
Fig.2 Effect of dextran (L12) concentration on storage modulus

(G') and loss modulus (G") of faba bean protein isolate (FPI)-

L12 composite system

SR (G1) 5 R A I (67 B ff B () 36 N i 4
WG K, H G KT 67, BB T AT AR R I B
PERARRHE, A L12 J5 , R ARARR ¢ C#E T
XTRRZL . e ST SE SR B (1~5 /L) X FLIE 8
TR 2P T S0, 2 B SR R W B T B, R -
FLIE B IR AR 3 0 25 3R B G T, I
TR TIRAGERRNEE , SREAERN G
(EET 3L N,

G' 1 G B AT R (1 A Ak Fa 3 ] R A AL, L2
WeEEXT FPI-L12 &2 &K R A B SH N 52 W3 3.

F3 LI2REX FPI-L12 EAGZREEERNSHNZM
Table 3 Effect of dextran (L12) concentration on the power law

model of faba bean protein isolate (FPI)-L12 composite system

G’:K'f"' G":K”fn”
Rl
K, n/ Rz KU n” Rz
FPI 1.08 0.14 0.99 0.93 0.14 0.98

FPI-L12-1%  24.09  0.33 0.99 15.22 0.34 0.94
FPI-L12-4% 961.10  1.40 0.99  264.70 0.52 0.99
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K A0 B, BB, AR 2R 1 e o O 286
R, f R 3 Al B AR RN KR KT T R
21 BERE L12 e Y 18 g 28 i O, Ui L12 fE
HEAN FPT A 28 B0 0 0 3 UL 285 5, L v B it v 88 i
PO SRRBE R R o N BT S R A
KRB, BRI R K00, AR R o 0 (EH
KT BEZH, AT REJE i T L12 0 1 1A 5 10 28 s A
L, FPI-L12 & A K 2 HA SRkt
223 filAEES BT

L12 ¥ BE X FPI-L12 &2 & 1K & fih 28 ¥ 49 52 il

UL 3.

350

300

2501 —=— FPI
< | - -
£ Lol —e— FPI-LI2-1%
R —a— FPI-L12-4%
B 50}
=
= 100 F

50 .
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Fig.3 Effect of dextran (L12) concentration on thixotropy of

faba bean protein isolate (FPI)-L12 composite system

Vi TR W T SR AR AN A R AR 2 FPI-
L12 AR R A5 A LR 4,

*4 FPLLI2 EAFRMIGEEER
Table 4 Hysteresis area of faba bean protein isolate (FPI)-

dextran (L12) composite system

FE i B (Pals)

FPI 557.5+51.1¢
FPI-L12-1% 2 622.0+45.7"
FPI-L12-4% 20992.3+191.9*

T AF/NG PR 22 57 B (P<0.05)

VHE S T T T G A T A M R A TR S k2 —,
T T AR R /DN 5 IR fish AR 25 A8 T 7 A RE S A OE
oo, (& 3 I 4 A%, FPI AR & FIR R e FE 1Y) FPI-
L12 AR R ERA — 2 Wi As P A3 X B AL, A
L12 J5 FPI-L12 & &R & 09 fil 28 P 18 5%, B 1%
L12 B AR Z s I i BUIR T3 4% 112 B8 A1k
Z A BB T 2R AN B G, AR 2R A Bl
K, DGR B A B A2 28 0 e IR S e 5 s T e 2,
PAAR I 4% 112 B A5 1R Z 003 )5 10 AU K . FPT AR &R
W IS TR R 557.5 Pals, L12 VR BE R 4% BB A1k &
BT I TR FR A 20 992.3 Pals, 336 AN i 98U ] fiE &

4% 1.12 5 FPI A 277 A 1 T S B 25 A AR X 10 o
2.3 FPI-L12 B GIRR DI RERHE 2T
23.1  FLAbMERE AT
L12 ¥ FEXF FPI-L12 &2 A 1k 2 FL AL 1% i i 52 i
LI 4.

50 EAI a a 5100
I EsI _*I’_ ?—I—
40+ = 180
b

o0 L 4
SR 7 60 o
= ¢ 2
= 20} ? {40

10 120

0 0
FPI FPI-L12-1% FPI-L12-4%

[R]—FE AR AN R b m 22 57 8 3% (P<0.05) .
B4 L123REX FPI-L12 S84 R LR 2N

Fig.4 Effect of dextran (L12) concentration on emulsifying
property of faba bean protein isolate (FPI)-dextran (L12)

composite system

FLACTEPE S FUAL RS e P T D et 2 O i A
FesE AL R R I RE 1, mT 4 B A R LA
& 4 RT3 BRAHL G EAT 5041, o0 (19.42+1.33) m¥g.
A L12 J5, B &R EAT B 34T (P<0.05), &
19 385 A 2RI % B A R N (2.5%~20% ) %t /N 2 T 7
-39 83 & A W0 7L AR R A S B | 2 BRI 44
Jei /INZZ T A A EAT AR L HED R T A
)\ L e = D N A B 1 o I 2 N A
JO 1) B EL R T, AR 1 2R 5 PP B K 3R A A AR
FH NG T 2 AR R BEAL, 1AM, X IR ZH 1Y EST
7 (80.62+1.09)% , 5 112 ¥k BE (34, EST 1 2 30
T, HEMR R T L2 VR RN AR R Y
280 388, B w0 vl e ) SR A DT A FL VR A AR M
FHE,

232 LIRPERE ST BT

L12 ¥ X5 FPI-L12 52 A 17K 2 0 1K 7% fiE 10 52 i)
LA 5,

LS AT, B L12 Ve EE R34 N, FPI-L12 B &
KRR K FA 2B IG5 4L
FA[(62.33+2.05)%AH L, 24 L12 ¥R 1% B, &2 A1k
Z Y FA 5900 % (92.00+2.16) % , Ui W — 2 He FE 1 L12
ATDABG N FPI-L12 B AR R AR, 2 L1I2 WEh
4% W, B AR ARN) FA BEIKE (37.33£2.05)%. 454
2.2.1 Wi BN i £k i 45 S AT b A A A B B R
1R I AR T R MLRE T, SR AR S X
5 286 B P A A B T T AR R v I A BRI AT DGR, it
AN FPI-L12 E AR R FS B3 w5 TX B4 [(63.15+
1.78)%](P<0.05) , ffi5 L12 ¥ B i3 hn, &A1k &1
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Fig.5 Effect of dextran (L12) concentration on foam property of 14000 - (@
faba bean protein isolate (FPI)-dextran (L12) composite system —a FPI
12000} —e— FPI-L12-1%
FS W X AT B R T 2R T 2 SRR R 10000 | T FPLLI-A%
BUR AL 120, S onl
233 BRI BT 4000|
L12 ¥ B XF FPI-L12 52 & 1 5 e B8 R A 114 52 T
2000 r
W 6. - \
15 20~90 "CR A 45 e 32 AT LIS 1 BRI "0 0 w0 @ s 10
e R . i 6 IR, Al —IREE T, FPI-L12 24 TS/ (rad/s)
PRRAG 6 GRS TR IRAL T it T2 sso0r
AT T AR 2525, 18 20~90 CTHERBY so00b ¢
BE, X IREL SR 19 L12 W25 KR 2 HITE 86.43 °C 3500l o
3000 [ —&—[FPI-L12-1%
100 1100 —A—FPI-L12-4%
2500
190 g
80f 150 S 2000f
1500 f
60 170
£ E 160 SP( 1000 [
L dor 150 % 500 .
B 40 0 n—-‘ 1 1 1 L )
20 130 0 20 40 60 80 100
B/ (rad/s)
ok 120
PRI PP (a)FPT (BEHEERFE ; (b)FPT-L12-1% 45 R R AU R BEREE 5
0 10 20 30 40 50 60 (¢)FPL-L12-4% S AR RIS (O FPL-L12 & A 8EIRHY
i &l /min BPERERL; (e FPI-LI2 52 A EIE MO BEPERE Y.
4000 1100 E 6 FPI-L12 EAFREBERHEEINIEARHE
3500 190 Fig.6 Temperature and frequency scanning diagrams of faba
3000 180 bean protein isolate (FPI)-dextran (L12) composite system
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