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Study on the preparation and emulsification property of
flaxseed gum-alfalfa leaf protein concentrates
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Abstract : The present work was the alfalfa leaf protein concentrates ( ALPCs) were glycosylated with flaxseed gum (FG),
with emulsification as the investigation index, and the experiments of BOX-Behnken response surface method was used to opti-
mized , the most significant conditions were pH = 8. 0, substrate ratio of[ m(leaf protein concentrates) ;m(flaxseed gum) | was
1: 1, reaction temperature was 90 °C and reaction time was 124 min. Under these conditions,the emulsification of the product
was the most significant up to 200. 78 m’/g, compared with the unmodified protein, the emulsification was improved by
12.20% ,and the emulsification stability was improved by 31.83% . At this time,and the graft degree reached 23. 9% . The
structure of the complex ( ALPCs-FG) was analyzed by IR, particle size and scanning electron microscopy. The results showed
that the complex of ALPCs-FG contained sugar ring structure , the crystal grain size became larger and the crystal structure be-
came more and more amorphous. Meanwhile, it was indicated that glycosylation modification can significantly improve the e-
mulsification and emulsification stability of ALPCs-FG.

Key words: leaf protein concentrates ;flaxseed gum ; emulsification property ;response surface method ; structural characteriza-

tion

W ETE (Medicago sativa L. ) J&—Fh L 5 5}
FWRE i T HE R P AR R EE &
T A AT R AN S TR R R
i 7 ISR, 2 — R IL A R AR BT e
HMEAEEAE M R I R S BTGk 0% o4, H
FEMRMETE , &5 AMEQH 2R & 5k

ks H 1 .2020-10-15 B2 H 1].2021-03-26
FEETH < RN TR AR A k4 -5 7 H 73 (2021 -SF-13)
* W {EVEH Tel :86-971-6303374 ; E-mail : zhangwei@ ghnu. edu. cn

40.6% 2 BT E BRI RERE R T3 W) &
1, BT AR RN sh 4 0l Bh AR kL. SR S8 46 8 78 0
7% 1 (alfalfa leaf protein concentrates, ALPCs ) Ifj GE 4
FAETE SR FRAE , FLAL A PR 2, 7 0 FH I AT AT 75 2
BMEA EFUL TR RS Y o, R4 m HAE B
P2 25540 B ) R (B . T ALPCs 3R 474 b ek
PE e m I e Re A WTE R R Il . BT, %
FHEE T ZUAR R T i A A2 BRSO 12
FEG SRS o b2 e R i b A AL B Pk



Vol. 33 B ELEE ERRRF IR -5 R A e A A S LA RERTSE 983

S Il A o 0 1) B 1 O RO v . A o B
] L \pH B (0 5 MR S A s AR LA
WISZE= Bkt . B A BIFSE 26 IRk st Tl kg
SRR I R =ik C DS E =R A DA
HHTXT ALPCs A9 H A5 B A6 7= W il 25 Be b AL Ak
TEPERRTTE ) LA R LA R 2 PR BT 5T
K&, H I, R T R4 ALPCs L AL PE 5 1 i A
AR AR A A DAL 45 B2 A 4
BEYFEHERB AT

W53 4138 22 05 ] LA 28 1 R i FLAR R g
JFRAT I (flaxseed gum,FG) , XFRAE 2 0oL, J& H R
PEZ2 0 A R P 22 0 4 AR Y — Fil K SR B R 2 UK IR
RS BFR R R AR R TS A —E R
HEM L5 FC AR BHA R A 7Lt 3 H 1 K
B, AL, FC RE RGO KRR LINER
SR fa HE 22 A B SR R T K FG 5
ALPCs BEEEALEE &, A8 ol 2 1 B PR e T R L
RE R, © B S R R Z—,

H HH H BB vk 8 ik ek
TR e PR3 3k S I R B 2 B, — e 60 ~
65 °C , MM S N il B 412, — M A H6 IR Il B2 g
(60 ~62 °C) FlfE ik N (100 ~120 C) . fFiEHA
SN EA RN TR R, 5 I fh e 4 A A
AR S AE R AR R R AR T AT et R e T A
&= AW, % FG %F ALPCs #4788 Ak 15 i
5%, 381t ALPCs-FG fYZLILERED & K X ALPCs-FG
(' BESE AT AL Ao ZE R 1HEA T RAIE, g ALPCs BE5
[FF KA ALPCs-FG IZLILHEREIIFIR RIS S
1 #R5hH%

1.1 ERERH

LWETE CRETHRFARE H) 5 WK I
(IR FER A RA R, 4014l 5 4B — g
(WF g 2 SR AE AR R A IR A A 5 3h iR &R
AR (M F R T A %Ak AR il i A FRA ) 5 BT
ARV A AL, BRAE A B
1.2 (Us85i%&

101A-1E ARG R T4 ( AR S2 00 A
BT s #E T e FEEs (7 AL B R S A BRA )
PB-10pH it ( MR- R 2SR AT ) 55
JEK B A (Ll s TP ) s IKA 31U Al
(AR R E H ARG BR/A 7)) s DelsaMax PRO #Y
PO EE A3 TS X—S By R AT G ( A A B A
A (AR R LTSGR (SRR AR s H

F T BAGE ( HAR JEOL AR s i s g 0L (o e
WAL BAN AR T KA IR TTAE AT

1.3 KA *

1.3.1 ¥ Y7E"T%& 8 (ALPCs) #9321

S Liu % B4R BUT 5, Wi sh . # HR
%) ALPCs 7E 451 g (pH =4.0) 7,70 C#MF M2
#E 10 min, HIKOBEPEE: ALPCs TR, HE
Ve L O R R TS ALPCs,

1.3.2 ERXHFMHTERLE B TR G-LRAFIR
(ALPCs-FG) #4 %) &
1.3.2.1 A6 pH{E T ALPCs-FG &

FEHR 1 TR IR (m (ALPCs) : m (FG) ) #ERA
FRECTAGY 0.2 ¢ i ALPCs T AR, IE 43 51
A 0.1 g 19 FG, BifiJ5 in A 100 mL ZE 18 /K4 FL R
B, S 10 min ff A% 0. 1 mol/L [k
iR S A AL N R BC LA VA, H pH R 2.0 4.
0.6.0.8.0.10.0, Bty pH {5 (1 AN B A B
JE TR RN, T B ek R 90 °C | g i (]
R 2 h SOV ST S BV K IR LR N o Bl S
WS OALESL 5 min, HFE#H K 8 000 rpm, FiEH
PRBEIFBR 2o SN i 2% 1, 15 8] ALPCs-FG, X} AL-
PCs-FG M T et Bt A i (FLAb i R AL e e
PE) o BRI =K,
1.3.2.2 RFEACH T ALPCs-FG [l 4%

FEBE 1:1 2:1 3:1 1:2 1: 344 (m( ALPCs)
:m(FG) ) Bt LL AR T 4 0.1.0.2.0.3.0. 1,
0.1 g iy ALPCs T HAHETZ i, IR KU A BT
$70.1.0.1.0.1.0.2.0.3 g i FG, Bif5 i A 100 mL
ZEMRKHG L A, B 10 min A f# . FHO.
1 mol/L (1) & A AL BRI IR T LM pH {E#R
8.0, Kt pH E A FLAR WO & R T 7
R, BERE BB REE R 90 °C, B[] g 2 b, 2 4%
WA STV KRR RN o RS RO B O HLES
> 5 min, HFLH Ny 8 000 rpm, iR B ITER ok
KR 4% 5, 1551 ALPCs-FG, %} ALPCs-FG [ 3} fig
PEBUES I 5 (FLACPE R bR e ) o AR
R =R
1.3.2.3 REAKE T ALPCs-FG [)4%

HERRFRICO. 1 g ALPCs T B IF A
0.1 g i FG, B J5 in A 100 mL ZE48 7K 8 H I %
W, A 10 min M. 0.1 mol/L (& 4 1k
PRV T IL VW pH E#R N 8.0, 4 %F pH
{HL B FARVES TRORCA 1 e OB 2 S I, R o i 3 12



984 KIRF=YIBE R 5T K

Vol. 33

$790 °C, Fz i B[] 43 5% Sk 30,60 .90, 120, 150
min , 2 W 25 o5 7 BV K Lk S o Bl v O
BLOHLESG 5 min, HABH Sl 8 000 rpm, |1 WR B
IR B AN 1 4% 5, #5351 ALPCs-FG, %} ALPCs-FG
AT RE P BT AT I (FLARME R LA RS e V) o
LENPS b mW a3 ) R
1.3.2.4 RAEEET ALPCs-FG [ 4
HEBRFRICHAD 0. 1 g ALPCs F HANHEIE R H If:
SAIMA 0.1 g 1) FG, Bl J5 M A 100 mL ZE 18 7K
HCPC B W, #7510 min M. JH 0.1 mol/L
2 E AL W R T F SRy pH (B R 8. 0,

WV pH AE 0% A0 W 8 s 2K TR e RN
FNE B R38R 2 h B2 1 i B 4351 18 R 30,5070
90,110 C, J W &5 5 5 s B K o ik s v . Bl
RS OALES . 5 min, HFE N 8 000 rpm, |3
W AR R I B 25 R SO Y 2% 5T, 15 81| ALPCs-FG, Xt
ALPCs-FG By Zyfig M ot i 470 e (LA R 2L Ak
FEM) o IR =K,
1.3.3 mu@Xkir %

FERAN 2R G A9 3L AL 1, DL ALPCs-FG i FL 1k
PEAE i A, % F BOX-Behnken 256 J5 B 15 313k
T TEEM A, & W ZK RN 1R,

&1 Mok EEAK R

Table 1  Horizontal design of response surface factors
K A pH fi 'B Hﬂ‘@ CltZ D FEE%E'ELE
Level Time ( min) Temperature ( °C ) Substrate ratio( g/g)
1 6 70 2:1
0 8 90 11
1 10 110 1:2
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HAE Turgeon 25" BBFFE 7 vk, 6 k. Fl
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AT IR B R o 3k J2 BRI A B Iy A BRAR 2 Y
TREE AT ¢, FEE B AR T T {2 i ALPCs 2544 fi
J&& Al ALPCs " 8 22 i K HE M B2 52 , S BORERE

IK IR B KA 53 3 5K HE ARG G o TR
R EEAE 90 C it BA RAFryZLAkE IR ALE 110 C /A2
A FLARPERRAR , W] e B Tl R T 3 ALPCs
kAT L, 9 8E 90 CAE e I N iR
2.2 (@R ERIEIE TR ER TS

300 3 M) 17 TR g T 2 Bdg kAT 2 ool A
e G R CIT= i

R =203.73-21. 944 +9. 052B +9. 56C-1. 53D-
13. 51AB-16. 95AC-6. 22AD-5. 57BC + 1. 36BD-
7.94CD-52.68>-21.64B°-51.54C*27. 09 (4)

Hy %% 3 Al 40,148 F =183.27,P <0.00 1,3
WZAR YA B I 2K LU R DI P = 0. 244 7
>0.05, A5 3%, RIS RN g g Rl
TAZABI G e 0 A, R R e R R =
0.994 6 1& 1F 5 M1 C R EL R, =0. 989 15745 5 R4
CV <5% , LR & A5 B8 m , B PR3 a o i

R2 WORIEEIR R

Table 2 Response surface design and result

AT pH P i)
Group Time ( min)
1 0.000 0.000
2 0.000 0.000
3 0.000 1.000
4 0.000 0.000
5 0.000 0.000
6 -1.000 0.000
7 1.000 -1.000
8 -1.000 1.000
9 1.000 0.000
10 0.000 1.000
11 0.000 0. 000
12 0.000 -1.000
13 0.000 -1.000
14 -1.000 0.000
15 1.000 0.000
16 -1.000 0.000
17 0.000 0.000
18 1.000 0.000
19 0.000 0.000
20 0.000 0.000
21 0.000 -1.000

22 0.000 -1.000

L JEEPILE Lt FLALE
Temperature( °C ) Substrate ratio( g/g) Emulsification (m?/g)

0.000 0.000 200.38 +0.03
-1.000 1.000 117.09 £1.21
-1.000 0.000 124.38 +0.79
1.000 -1.000 149.65 +0.89
0.000 0. 000 206.11 £0.04
0.000 1.000 90.48 £2.34
0.000 0.000 137.71 £0.56
0.000 0.000 92.37 +£1.89
0.000 1.000 151.36 £0.57
0.000 1.000 168.96 +0.34
1.000 1.000 132.86 +0.67
1.000 0.000 147.16 £0.87
0.000 1.000 152.26 +0.39
1.000 0.000 75.44 £2.58
-1.000 0.000 95.29 +2.14
0.000 -1.000 105.58 +0.99
-1.000 -1.000 102.11 £1.13
0.000 -1.000 141.17 £0.78
0.000 0.000 200.38 +0.53
0.000 0.000 207.77 £0.07
-1.000 0.000 107.54 +0.79
0.000 -1.000 152.51 £0.59
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2:5% 2 ( Continued Tab. 2)

4y - Hif 1] izt 3 7/ IWA FLALE
Group p Time ( min) Temperature ( °C ) Substrate ratio( g/g) Emulsification (m*/g)
23 -1.000 -1.000 0. 000 0. 000 120.45 +0.43
24 1.000 0. 000 1.000 0.000 149.22 +0.62
25 0.000 1.000 0.000 -1.000 163.77 £0.74
26 1.000 1.000 0.000 0. 000 162.58 +0.78
27 0. 000 0.000 0.000 0.000 204.27 +0.18
28 -1.000 0.000 -1.000 0. 000 89.76 +1.79
29 0. 000 1.000 1.000 0. 000 141.7 £0.69
2 2 2 bl N Y
F3 by PAEAIFIAC AB AC AD .CD A" \B" .C" | PCs ZLALPERSZ I K/ NIUY A : A(pH {8) (C (IR EE)

D 25 W, BC 25 0, HRTHARE . h

KPS R FALRIR/ANATHL, 25 R0 e e AL-
®3 BMEEEEEHEAAMELEERRAS TR

>DOERYIBCLL) > BCHFE) .

Table 3 linear regression analysis of emulsification
I S5 A A ¥Jr F{H P {H BFEE
Source Sum of squares df Mean square F value P value Significance
7Y Model 41 880.82 14 2 991.49 183.27 <0.001 o
A 5775.05 1 353.81 353. 81 <0.001 o
B 8.864 0 1 8.864 0 5.293 0.994 3
c 962.92 1 962.92 58.99 <0. 001 o
D 24.71 1 24.71 1.51 0.238 8
AB 783.93 1 783.93 48.03 <0.001 o
AC 1 233.88 1 1233.88 75.59 <0.001 o
AD 166. 29 1 166. 29 10. 19 0.006 5 o
BC 124. 32 1 124.32 7.62 0.0153 *
BD 7.40 1 7.40 0.45 0.511 8
cD 252.33 1 252.33 15. 46 0.001 5 o
A? 13 418. 47 1 13 418. 47 822. 06 <0.001 o
B? 3 038. 47 1 3 038. 47 186. 15 <0.001 o
c* 17 231. 86 1 17 231. 86 1 055.70 <0.001 o
D? 4760.93 1 4 760.93 291. 68 <0.001 o
5% 7% Residual 228.52 14 228.52
Sl Lack of fit 192.19 10 192.19 2.12 0.244 7 Not significant
4l 2% Pure error 36.33 4 36.33
S Cor total 42109.33 28

T R WE(P<0.05) ;" F 27 M B (P <0.01) ;R =0.974 2; R}, =0.941 1,
Notes: * Significant difference(P <0.05) ; * * Extremely significant difference( P <0.01) ;R* =0.974 Z;R%\dj =0.941 1.

2.3 mE@E3D HHTERRESERE

RS [ 51 75 REAR: Hh AN [7] DR 3R S AR A4 i 1 T

3D &L G RIS Fs .

MRYEILE ARG 2SSO0 pH AE D 8. 47, [

B[] 123. 63 min, 2R H 89. 62 °C, FEMINE 1L

9 1:1.07 i}, ALPCs BYFLIE1ES 206.94 m*/g, T

B UERERY A n] SR, SEBRIE B0 2, W Fe R A 1 ik

Fr iR e U pH {E D 8. 0, S N R 90 °C,
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SE 6] 2 124 min, JEHHCHE [ m (ALPGs) = m ZE2RATAT BRI 5 SN AT R B AR — 2, 7Rt
(FG) I 1+ W R AR S B A5, e AR N b AT AR AR A 23. 9%  IL)E 19 ALPCs FLALME
ZUCRATIRAEIE, 15 B kS ALPCs FLAETE Dy HORSMERY ALPCs FUAPERE R 1 12.20% , FLALERE L
200.78 m*/g, SEUE A RARN 5250 3% , R0 5% 31.06 min, RBUMEE R T 31.83%
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Fig. 5 Response surface plots for the effect of the interaction of two factors on the emulsification of ALPCs after modification
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ALPCs 1 FG M4 J5 , B B> Rk & = — ares

100

B4H1,3 500 ~3 200 em™ JE-OH [ 41 B AE I 0% 0
i ,3 200 ~2 800 em™ & C-H B{HHIE 1 45 415 20 W i
g 2 T B R B R AT I I« e T 45 -NH
AR IR S 0 , AR 7 1690 ~ 1 630 em' 22 Jil N\
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