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Tab.3  Analysis of variance with grafting degree

as response value

TERBE FIIM AmME HJ5 FAH P BEME

LAY 234. 60 9 2607 520 0.0420 =
A 18.76 1 18.76  3.75 0.1107

B 7.24 1 7.24  1.45  0.2831

C 3.84 1 3.84  0.7660 0.4215

AB 0.0342 1 0.0342 0.0068 0.9373

AC 0.0289 1 0.0289 0.0058 0.9424

BC 0.5776 1 0.5776 0.1153 0.7480

A2 143. 67 1 143.67 28.69 0.0030
B 39. 07 1 39.07 7.80 0.0383 =
c? 47.86 1 47.86  9.56  0.0271 #
B 2% 25. 04 5 5.01

JAUI 23.75 3 7.92  12.22  0.0766

IR 7T 1.30 2 0.6476

pENCITE! 259.64 14

R? 0.903 6

W R 0.7299

#* FREFEE(P<0.05), wx FREFWEFE(P<0.01),

T4 WERRECE AR TT 22 B
Tab.4  Analysis of variance with browning index as

response value

Z;E SRR AHRE ¥y F1E P BEH
(| 0.150 4 9 0.0167 33.10 0.0006 =
A 0.046 5 1 0.0465 92.10 0.0002 =
B 0.0153 1 0.0153  30.32  0.0027 =
C 0.064 8 1 0.0648 128.32 0.0001 =
AB 0.0012 1 0.0012  2.43 0.1801
AC 0. 000 4 1 0.0004  0.79210.4142
BC 0.000 1 1 0.0001  0.19800.6749
A2 0.003 1 1 0.0031  6.04 0.0573
B? 0.005 5 1 0.0055 10.98 0.0212 =
c? 0.0162 1 0.0162 32.09 0.0024  #x
Bk 2% 0.0025 5 0.000 5
I 0.0023 3 0.000 8 0.1164
PRZEI 0.000 2 2 0.000 1

BEIE 0.1530 14
R? 0.9835

JE% R 0.953 8

* RREFEHE(P<0.05), »x FREFWEE(P<0.01),

AR, B EE R A S A R L 3 1 i A ]
1.5 h Jn#GREE 90 C, #5473 YR E WA, W15 1t
ST AN Y RUE N 37.06% +0.80% , #7545
R 1,050 0. 014, BE S50 5 WU A8 #2301
LA A s 25 1 - SR 5 O ) A g T AR
AN, Lo B i 3 T b S o 71 5 N ] 6 I B 1T -
RIEE AR ATITHY
2.2 ENERMEEAELSERN
2.2.1 EBEBRBINEBEEG ZRLEMG YA

SN AR N =R L7/ N3 S BN i
BV REER IR S, MRS WAL BEE AN
R, AL o-RE (9.17% +0.12% ) BT &
(23.55% +0.27% ) B-¥50(29.10% +0.12% )
TCHLN i (38.62% +0.21% ) , 585 14 HIEE 25
I — SR TR B W A L, 35 95 7 4 S 1 4 1) AR
F-RIRE SN o128 0E -4 8 A B-54 A & i i
FTFE(P <0.05) , ToRLIN 6 ih & & B s (P <
0.05) , 2 [0 A Z2 0 55 P i 1oy 25 5% 1 2 14 A
TR R AR 43 T A E) 45 4 R T SR A R TR
FARDOT ) I, g G AR L R, R
5 20 i P R N 2 R AR M A BRI, S
TR A3 22 1) AR A FH RS IR0 4 9 B 2 1
IR, B A R R TR A T IREE R a-IX
R B-IX Sk Y e- IS T R &R T 3N
ZabY
2.2.2 EBEIER PN I SWIEMIEN R

Vs ifk T 2 B A TR AR (W T e R, X FL AL T
PR R RS e e R AR DART Y
WF5T, B E 5 A B2 vT DL 2 9% i A s B 4R
T B R - SRR E A R - R
AV 4(a), MK 4(a) v 50, 1K
FI7E pH (B R 4. 5 B AV i B SIS, Bl pHL {1 18
T, T 5 10D 3 ik 85 30 38 1 o 90 EL O e AT R %
I, SRR UM L, 3 S 5 I i 5 1) I 2 11 -
I A W 10 % it B2 FE R[] pH (BT 2 0 25 4
(P<0.05), Jimenez-Castano %' ff 57 3¢ W] & 4
- ZWEE A E A A S A 2 kKA,
VT B — e PR R T | R
BRI 2 LB R BT R 2 LR AL R Y 2K
e 2, I A R R L 2 B0 R A B 2 K 3 A
(ARSI SUBRE R T, B 2 1 T S K A ELE T, A
B R AR VA BSR4 SRR S AR
A5 RIS S B E R THREA-RIKE S



50 BB ROR AR

2023 4E3 H

() SZRLISTH] %%EE R L

(b) S Br R BE 5 8 A - AU B

2.5
@%7%“
(c) JE LI 5 5 B ]

B2 BN RS AR X ISR - R A B B2

Fig.2 Effect of two-factor interaction on grafting degree of casein-pectin conjugate

3' ..

5120 if@sf’é@'
(a) Koz 5] ) 5 T 2 — SR AL T e L
B3 WA FE A H AE R R 8 - SRR A e AR 8 B i)

Fig.3 Effect of two-factor interaction on browning index of casein-pectin conjugate

#£5 WEA.ZEEY . IREYN _REMTE

Tab.5 Secondary structure contents of casein,

conjugate and mixture %
30 | Ji% 26 11 25 REY
- BB 9.17 £0.12*  6.75+0.229"  8.44 £0. 186"
B-Ir& 23.55+0.27* 21.38 £0.16>  22.73 +0.38*
B-Ff 29.10 +£0.12* 28.45 +0.10>  28.97 £0. 16®
TOREIE T 38.62 £0.21"  43.42 £0.42°  39.86 +0.24"
[R—F7 Rl FoR v 2 57 5.3 (P <0.05)
VIR

2.2.3 EFIEREAE ML a
FAALRE ST EAT A ESI 3L AR AE, EAT £RE
SO B b A RE 1, EST RR & R AE—E
) N Ry LR B L 25 M AR AL e T . IS ER T
B - R AW B - RIIR G LA T
VLB 4(b) . HHE 4 (b) AT AT, S48 50 ] A5 1Y)
EH-RBRESYHFEE ) W2 & TR 1, EAT
H(23.65 £0.13) g/m”, ESI 7(30.02 +1.35) min,

T1.02.0 .
(b) RN FE S E - R L

si1o 2
(e) B ;I B2 5 B Ry IS 1]

L5 FURR S WA L, SE R R AT LU i 8
JOR AR, e B 11 SO KV R ) B A
TBhtk , ARG I FAE A AL B s e R L
FACI) 228 m] LULE il 2 8] 7= 2 — € 9 25 18] % 77
AR A I 2 1R R B 19 2 2 45, 4
LI 2 ) F) 2R 4 R 2R B, DA T B2 e LR A AR E
P AN, TR o BERE i 0 A TG
AL i 25 e 3 A R T B e £ 1 01 9 R
PRV AR T *ﬁﬁnﬁ%?ﬁf{ﬂwkﬁﬁﬂﬁ

AL R A @ﬁ?mﬁﬁ%j}i%i&zﬂw /PR
KW EE A SRR I A & BE R TR E A

1 FLATE
2.2.4 EFfER AT ARG HA

M0 ARG B I AR 1 BT AR LB B, SRS
BEREIR 2 508 1 25k (AT ok A0V - AR AR R Y, F: 3K
FEFUFAYRAED | DSC Rt P58 M I Skt
BB E T, AR ERAE S0
PRE Ry, MR BEN-RKE S K E
H-R IR A YR A e WL 4(c) JH B 4(c) 7T



Ha 6 B2

o BT . T SR S I ] 5 i B 11 — R S 5 W S LA e 4 v 4 17

51

S SRR P RIS PR TR BE Sh76 °C , 28 A i oy o 4 T T
FBA-RIRE SR AR N 83.6 °C, FLksh
T EE A S Rl R REE A, B AR
AR R BRI T A R R SRR RN
i i 1 BT Sz R TT , Z2 W ST 45 R PA ) B 1 o
v 2[R RH AT DABH IR 85 1 BT 5 22 R SR AR 4
FEARMREMES . AT R0, Bl L
BT R R A AN L Ao, A R T =24
et M4 = 2R T AR PRI IR, 5T
SEREW B L S RN g & A R R T R
FI AR E M
2.2.5 EBEER PN ESHIEAKEG A

SEHT B FT R B, SR AE S I ) 2R BRI
MRS TERE, 7T 55 A BT S T 3 7R 3
T A BN T AR S R AR AR e RSk P M
A4kRE STt DPPH At 3535 BR AR J1 1 ABTS H 5t

10T g
——BEY
|
S 60f
i .
= aor /
i 4
20
0,
3 4 5 6 7 8 9
pH
() VEARIE
05 — BE&HH
—--REY
- =
oo -EEY
i 1
‘iﬂ () ’.‘
E '~ | Pl
= -10F S SN _.-
& oy | et
-15F ~\ : ,"
\’\~ ‘—”
2.0 L I ! I L I )
50 60 70 8 90 100 110 120
0/°C.
(c) Pttt

B

o0

EAII(

DPPH A B35 R 23/ %

THEREE L FRAL, B R E N - RIRESY .
fEAE - RIS WP E 4(d), H
B 4(d) T, B 119 DPPH [ 521 ABTS [ H
SR TE BRAE T A5, TN S A% S 0 il % B4 i 2 1 -2
EZAYIRIDPPH [ B JE Al ABTS [ i 3075 BR fiE
F153 59151, 68% +0.95% F143.90% +0.80% ,
EFRTHREA-RREGYMEBEND, AFRE
B, SEPLA i N A A PR M A 2 I e AR R R
L&Y, FEBR NG IKRERLR T 452 A A
BRAGREAE , R s A 1 - 2RI 26 ) B B A AT
PEDTY ) Tan 25PN G R, SRR NPT LA
HRIDPPH A H LA ABTS H b 3635 kG, 2 T
TE ST A8 i 07 1 v ] sl e A R SR R AL B b At
BRI — A FR TR RS, R A
R R PRI 3 e S A s N A A R -
R E AW EA BB E R

35¢ 240
[ EAT
30 ESI A
A
25+ a B L
E
20 B 5 £
120 =
I5F ¢ 3
10F J1g
5 -
0 - 1 1 . 1 - 0
= S&W REY
215
(b) FLAk
70T mmpPPH 170
60 EZAABTS* 160
A S
50t FEr 50 4%
=
40+ H40 12
b
30 30 H
I
20+ 120 &
=
104 10
0 0

AP — AR E R 2 5+ 3 (P <0.05) ,

K4 mEAZEYIRGYIResE

Fig.4 Functional properties of casein, conjugate and mixture

2.3 ETEHRAERNHEHNRER-RRESY
X AR B TR AL 1 BT A 20
2.3.1 GAERERABIE QI EN Y
A S 7 7 S I B S A 1 - SRR S R

AL R BIFLACTE B IR E PR P R A, 2
il 5 U HE ) RAFRERE Rt AW LA 2 1 2R
J 525 0 oA BE A Tl 2 SRR Tk TR0 28 , F 5 LR I
JRROFF i TR 20 A0 I AR A P RS, JESBE XS



52 BB ROR AR

2023 4E3 H

SRR 0 S A SR A WL 5, f 5 AT
SN SR RIALR ERTHI D E Zak SR AR
W N RE LU R B 55, S PR i ol 2 ) 0 I 2 i
(P <0.05) . ZHHAT DU i 4 = PL IR e Tk
BRI AL R — ke tE, AT T AR
IS /N N SF R FLIAT RE 2 A A Tl e e et
RO TR, 20 8 A TOY U, TR
SRR E IR RS YR E - R A Y
L5 RRRF T 0 0T LR 1 1A A R GR B e K
(77.06% =0.98% ) , v T ER A 1L /9 30 R
FFMA LA - SRS ILEAT L], AR 2T
[ , DU PR AT RE S BE AT L /D, FEAR T LA AR E
P A 2 T I £ I, 5 ORI B A AR
%, Tevk A A L BRI

100
80 a
= b -tnl-
= i d
'}‘»’ﬂ' 60 [
Ery - _(I:_
el
40+
20
2:1 3:2 1:1 2:3 1:2

m(E Yy mOIEIFRRF )
AR SRR — TR R 22 5 35 (P <0.05)
K5 B - RIS Y5 ARk B LX)
(RN AT
Fig.5 Effect of casein-pectin conjugate to flaxseed oil

ratio on encapsulation rate

2.3.2 IR EHRILEM

TR BERO L5 R WL 6, F Bl 6 AT, fol i 4
SR SEILIR BRR 2% 1 BOR K 3R IR A A
F 3 B TS5 T R /K 4 76 SR T S BRI 25
ey R i LS LI (EN 4 i
KR AHERRL, Ui W AR 1 - SRS A D BE AT B
H—E W, R ZE R 24 b,
rh /b A 0 NBURL FT B8 AR AL I RRF I 28 & 5
R i =TT L
2.3.3 R E bk AR

SEJRRAFIH T EZARNTRR A 5 B, 43 EARR R |
o=V RIR PR BB IR R IR, 8 SR
B5 B Ao, SRR O AR 9 LAt AR E
AR BRVPAN TR 3 1 i A R e, KR &t Ak

13.4mm x5.00k SE 10 um

BL6 S JRRORS i 3B SO )

Fig.6 Flaxseed oil microstructure

Yoy A b U A SRk 7 A I R M RN M
TS (R 2R 2 4 B/ A, 1
Jie g it S A B DL I 7 R 7RI AT, A0 SRR AT
AT AL (B 2 1,06 meq/ke, TR B it A AL H
1. 50 meq/ kg, 2 B2 PR Ay il 4 fol e 38 o A v LA 2
JoE LA B Wt 25 - fi it LRV R R e s S, A5+
Jo Tt 2 3k v YR R R B o Rl A R A T AR IR
ST EAEILR B B, R AL ST BRI e 4R A 1
FHE R NGNS, FTRESE T o0 FRAT I L
AALL AW (HE: 2 E R ) 78 24 A b
FI H SRR, 72 AR AT AR o S,
BEGRR T I A A R T A, g
25 CHEAF 7 d I, WRRATF Il A 1 2 e w6
1728 d iF, o £ R AY SRR AF T o 48 A {1k F)
(14.70 £0. 51 )meq/kg, i3 A ALIE TH 8 0 )5 R 2
T JRRAF I o A S BRI R oSV JRR 1R AR SIZ i PR #15
FEAE B B WU (—CH =CH—CH,—CH =CH—) ,

20

| —— MERREFIN
| —— ke

0 "7 114 2I1 2‘8
ud
Rl — G A B, o 7R MR 5 U B i S AL (AR L 22
FEF(P<0.05) , w0 K< WK -5 B 3¢ 3 AL B e 22
S (P <0.01)
7 DU SRR il 7 AR 7 o SR AL R A2 1
Fig.7 Changes in peroxide values of microcapsules and

flaxseed oil during storage



Fa1 & 2 17 A

BT SR S i #6 1 E  - SR A A SO A ARl e i I 53

B Y AU AR TG IR, 2 5 | R EJRRAE Il 1 sl 48 Ak, BT
B L ALRE SN ERER ., 7 W
PR T A 0 ) a4 P 119 7 T3k R L 1, A
9(3.82 £0.07) meq/kg, A WF5RM, B EEM b
ZORE TR o AR R, DR i SO , AL ek
oV A A58 BEL o IV JRROR -5 4B R A, DA T4 i
AP AR DR A e 2 R 3 U LA
HHA- RIS Y 0 BEM S RRFF I b ] #5 7Y
V. JBRAFIH W 0 T LA A 35 B v U JRRORF i ) A7 A
SETE,

3 &

S EE UM EL , 38 0 9 7 A I o il 5 114 T A —
RIRE G o-IR5E B-IrSM B ERET
Bk, JCRLIN A5 il i S e o, R PH IR B 1 5 SR A
DAL as &, teAh, B - R A Y R Rk
FUAEPE IR A A TR R AR 1 R
KT REE M - R E & YD Re kB ek, DL R
F -SRI AW BERE , T RRFFIM A At 8 i 5 5%
TR AR 2, MR- RIRE &Y
S5 RRRE I A T A 1 LI SRR £ 4 £,
HRITKF] 77.06% +0.98% , H MO 45 k) 25 W 3V Bk
FRMPEALA I, 285 5 IR A A 28 d e, S JRRATIH
TR A S AR R 28 WFFR 45 AR W] 1%
B - AR AW BE L 2% 1) ST JRROFF 9 8P 28 T
DA R = BRI i AR e M. RS B A R I
B AR OB v 1 o FH B LR 224K |

S 3k

(1] SRS, RELEE 1 A/ W R AL 5 WO 1 45 Tl
JERERER AT ST D], T8 TLRIRE, 2015.
ZHANG Y T. Research on microcapsule wall material
preparation via soy protein isolate combined modification
of enzymatic hydrolysis and glycosylation [ D]. Wuxi:
Jiangnan University, 2015.

[2] MARIA C M L, SERGIO M D L P, MARIA E M.
Pectins and olive pectins; from biotechnology to human
health [ J]. Biology (Basel), 2021, 10(9): 1 -14

(3] XU, PEM, SN, 55, SRR B -2
AR EAE I B S B M VERE RS R [ ] & il 5 K 1
Tk, 2022 1 -10.

LIU M, LUO G L, QIN X L, et al. Interaction and pro-

perties of the noncovalent of casein-pectin complexes: effect

(4]

(5]

(6]

(7]

(8]

[9]

[10]

(11]

(12]

[13]

[14]

of esterified degree of pectin [ J]. Food and Fermentation
Industry, 2022 1 - 10.
BAGLL, I, EoAR, A5 RALEAE MR XS -
B-MEAHE AR RMEBM [ J]. o E &M=,
2020, 20(12) . 31 -38.
LIANG R H, DONG H L, WANG X D, et al. Effects of
pectin structure on the properties of pectin-f3-casein com-
plex systems [ J]. Chinese Journal of Food Science,
2020, 20(12) . 31 -38.
NAMLI S, SUMNU S, OZTOP M. Microwave glycation of
soy protein isolate with rare sugar ( D-allulose) , fructose
and glucose [J]. Food Bioscience, 2021, 40; 1 —12.
CARRA J, MATOS R, NOVELLI A, et al. Spray-drying
of casein/pectin bioconjugate microcapsules containing
grape ( Vitis labrusca) by-product extract [ J]. Food
Chemistry, 2022, 368, 130817.
GUO X, GUO X, MENG H, et al. Influences of different
pectins on the emulsifying performance of conjugates
formed between pectin and whey protein isolate [ ]J].
International Journal of Biological Macromolecules, 2019,
123, 246 —254.
YAKDHANE A, LABIDI S, CHAABANE D, et al
Microencapsulation of flaxseed oil—state of art [ J].
Processes, 2021, 9(2) : 295.
KAUSHIK P, DOWLING K, MCKNIGHT S, et al.
Microencapsulation of flaxseed oil in flaxseed protein and
flaxseed gum complex coacervates [ J]. Food Research
International , 2016, 86: 1 —8.
ZHANG W, CHEN Z, YANG R, et al. Application of
caseinate modified with Maillard reaction for improving
physicochemical properties of high load flaxseed oil
microcapsules [ J]. European Journal of Lipid Science
and Technology, 2021, 123(5) . 1 -10.
GUO Y, BAO Y H, CHAI Y Y. Preparation of micro-
capsule antioxidative wall materials of pine nut oil by the
Maillard reaction [ J]. Journal of the Science of Food
and Agriculture, 2019, 99(6) : 2793 —2801.
ZHANG Y, TAN C, ZHANG X, et al. Effects of malto-
dextrin  glycosylation  following limited  enzymatic
hydrolysis on the functional and conformational properties
of soybean protein isolate [ J]. European Food Research
and Technology, 2014, 238(6) : 957 —968.
AJANDOUZ E H, TCHIAKPE L S, ORE F D, et al.
Effects of pH on caramelization and Maillard reaction ki-
netics in fructose-lysine model systems|[]J]. Journal of
Food Science, 2001, 66(7) : 918 —1051.
WANG W D, LI C, BIN Z, et al. Physicochemical



54 B PR R 2023 43 H
properties and bioactivity of whey protein isolate-inulin KRR R A A [ T]. Rl Kf#
conjugates obtained by Maillard reaction [ J]. Interna- %, 2022, 49(2) : 329 -337.
tional Journal of Biological Macromolecules, 2020, 150. WANG F, LUO T Y, ZHANG S. Optimization of the
326 -335. high antioxidant maltodextrin-whey protein concentrate

[15] MENG Y, LI C. Conformational changes and functional glycosyl compound using Box-Behnken response surface
properties of whey protein isolate-polyphenol complexes methodology [ J]. Journal of Anhui Agricultural Univer-
formed by non-covalent interaction [ J]. Food Chemistry, sity, 2022, 49(2) . 329 -337.
2021, 364. 129622. [24] ZHANG Z, HOLDEN G, WANG B, et al. Maillard
[16] XUE F, LI C, ZHU X, et al. Comparative studies on reaction- based conjugation of spirulina protein with
the physicochemical properties of soy protein isolate- maltodextrin using wet-heating route and characterisation
maltodextrin and soy protein isolate-gum acacia conjugate of conjugates [ J]. Food Chemistry, 2022, 406;
prepared through Maillard reaction [ J]. Food Research 134931.
International, 2013, 51(2) ; 490 - 495. [25] XU4H. B A —WRAHEAOUERTTE (D], o8 1T
[17] WANG H, YANG J, YANG M, et al. Antioxidant B K2#, 2008.
activity of Maillard reaction products from a yak casein- LIU J. Study of casein-dextran conjugate modification
glucose model system [ J]. International Dairy Journal, [D]. Wuxi; Jiangnan University, 2008.
2019, 91: 55 - 63. [26] i, RFER, MK, & FLESEEA-HR
[18] ZHANG X, GAO H, WANG C, et al. Characterization BERERAC AR S PTAATEVEL T ] RRT AR
and comparison of the structure and antioxidant activity 24k, 2021, 36(6) : 10 -20.
of glycosylated whey peptides from two pathways [J]. FUX P, ZHU X L, DAL Q Y, et al. Optimization of
Food Chemistry, 2018, 257 279 - 288. glycosylation conditions with whey protein isolate and
[19]  E 0B BEFLE & AP EAL T Bz ak i i ¢ dextran and their antioxidant activity [ J]. Journal of
fil# [ D]. MA/RE: RALpklk#, 2013, Anhui Polytechnic University, 2021, 36(6) : 10 —20.
WANG W Q. Antioxidant activity of modified whey [27] KAN X, CHEN G, ZHOU W, et al. Application of
protein and walnut oil microcapsules preparation [ D]. protein- polysaccharide Maillard conjugates as emulsifiers
Harbin: Northeast Forestry University, 2013. source, preparation and functional properties [ J]. Food
[20] BRIFZE, sk, Wknds, & R0 =i Research International, 2021, 150 110740.
FRACR A MR UK R P R[], & TR [28] TENG C, XING B, FAN X, et al. Effects of Maillard
$, 2020, 41(19) : 166 —171. reaction on the properties and anti-inflammatory, anti-
CHEN Z J, ZHANG W B, YANG R ], et al. Prepara- proliferative activity in wvitro of quinoa protein isolates
tion of Maillard reaction products and its application on [J]. Industrial Crops and Products, 2021, 174
microencapsulation of mixed oil [ J]. Food Industry 114165.
Science and Technology, 2020, 41(19) . 166 - 171. [29] M, 2. FEE AL T2k Lokt
(21] @)%, 309, Hyade, 45 FLEFUK bR A LR WELI]. BRSSP, 2019, 35(5) : 172 -177.
FEMEEERIIGL[T]. PRPaRH K34, 2018, YANG X, REN Z. Optimization on glucosylation modifi-
36(2): 39 —44. cation process and functional properties of tea residue
XU D, GUO R, YI J H, et al. Study on the factors protein [ J]. Food and Machinery, 2019, 35 (5):
influencing the oxidative stability of emulsions stabilized by 172 -177.
milk proteins [ J]. Journal of Shanxi University of Science [30] XUE F, LIC, ZHU X W, et al. Comparative studies on
and Technology, 2018, 36(2) . 39 —44. the physicochemical properties of soy protein isolate-
[22] KM, BLSEHE, SRR, % SAFE AR LB maltodextrin and soy protein isolate-gum acacia conjugate

(23]

K HIHREPE B BIBFST[T]. & dh Tolk, 2017, 38(1) .
156 - 160.

ZHANG Y P, ZHU X B, QI Y T, et al. The study on
glycosylation and functional properties of rapeseed

protein [ J]. Food Industry, 2017, 38(1) : 156 —160.
FI5, BEG, KL R s AL S A2 2

[31]

prepared through Maillard reaction [ J]. Food Research
International , 2013, 51(2) : 490 —495.

KE C, LI L. Influence mechanism of polysaccharides
induced Maillard reaction on plant proteins structure and
functional properties: a review [ J].

mers, 2023, 302: 120430.

Carbohydrate Poly-



Ha 6 B2

o BT . T SR S I ] 5 i B 11 — R S 5 W S LA e 4 v 4 17 55

[32]

(33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

JIMENEZ-CASTANO L, LOPEZ-FANDINO R, OLANO
A, et al.
dextran; effect on solubility and heat stability [ J]. Food
Chemistry, 2005, 93(4) . 689 —695.

ZHONG L, MA N, WU Y, et al. Characterization and

Study on beta-lactoglobulin glycosylation with

functional evaluation of oat protein isolate-pleurotus
ostreatus (-glucan conjugates formed via Maillard reac-
tion [ J]. Food Hydrocolloids, 2019, 87 459 —469.
TAMNAK S, MIRHOSSEINI H, TAN C P, et al.
Physicochemical properties, rheological behavior and
morphology of pectin-pea protein isolate mixtures and
conjugates in aqueous system and oil in water emulsion
[J]. Food Hydrocolloids, 2016, 56 405 —416.

NAIK R R, WANG Y, SELOMULYA C. Improvements of
plant protein functionalities by Maillard conjugation and
Maillard reaction products [J]. Critical Reviews in Food
Science and Nutrition, 2022, 62(25) . 7036 —7061.
SETIOWATI A D, WIJAYA W, VAN DER MEEREN
P. Whey protein-polysaccharide conjugates obtained via
dry heat treatment to improve the heat stability of whey
protein stabilized emulsions[ J]. Trends in Food Science
& Technology, 2020, 98 150 —161.

Wl B, SR, 55 IR SR R S )
PUAAPEL)]. RIS, 2019, 34(2) : 67 -72.
YANG N, LUO F, FEI X Q, et al. Camellia seed Mail-
lard reaction and its product antioxidant resistanced
[J]. Chinese Journal of Grain and Oils, 2019, 34(2) .
67 -172.

TANJE, LIUT, YAO Y, et al.
chemical and antioxidant properties of egg white during
the Maillard reaction induced by alkali [ J]. LWT-Food
Science and Technology, 2021, 143, 111151.
SALMINEN H, WEISS J. Electrostatic adsorption and sta-

Changes in physico-

bility of whey protein-pectin complexes on emulsion inter-
faces [J]. Food Hydrocolloids, 2014, 35.410 —419.

SHAMAEI S, SEIIEDLOU S S, AGHBASHLO M, et al.
Microencapsulation of walnut oil by spray drying: effects
of wall material and drying conditions on physicochemi-
Innovative Food

2017, 39. 101 -

cal properties of microcapsules [ J].
Science & Emerging Technologies,
112.

MENSINK M A, VAN BOCKSTAL P J, PIETERS 8, et al.
In-Line near infrared spectroscopy during freeze-drying
as a tool to measure efficiency of hydrogen bond forma-
tion between protein and sugar, predictive of protein
[T
Pharmaceutics, 2015, 496(2) . 792 - 800.

storage  stability International  Journal  of

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

WO, AR, TOF05. KB AR A v A

VBRI R B v R FAFZE [T, TR Tk K224
W(EARBERR) , 2020, 41(1) . 19 -25.

CHANG H M, TIAN S J, DING F F. Ultrasonic modifi-
cation of rice bran protein and its application in flaxseed
oil microcapsules [ J]. Journal of Henan University of
Technology ( Natural Science Edition) , 2020, 41(1)
19 -25.

RWUE, FE/NES, 2L, 5. AR B-PRRIRS T
Wl TEMBESE [J]. P ERMHR, 2017,
32(7): 108 —113.

YUE S L, REN X L, XIANG H, et al. Research on
preparation of eucalyptus essential oil/B-cyclodextrin

microcapsules [ J]. Chinese Journal of Grain and Oils,

2017, 32(7) : 108 —113.

BAKRY A M, FANG Z, KHAN M A, et al. Tuna oil
and mentha piperita oil emulsions and microcapsules
stabilised by whey protein isolate and inulin; characteri-
sation and stability [ J]. International Journal of Food
Science & Technology, 2017, 52(2) . 494 —503.
EEPE, B, XBEEM, AF. W TR AL RO Tih
B RSP sZm )], & amEE, 2021, 46(10) .
243 - 248.

YUAN LY, YANG S S, DENG D W, et al. Effects of
spray drying on the composition and application of essen-
tial oil from Zanthoxylum bungeanum maxim [J]. Food
Science and Technology, 2021, 46(10) ; 243 —248.
TR, R, E2EG, S RS0 AN i
SRR FF A BT K B AR RS e [ ], B AR
2022, 43(11): 92 -98.

WANG S Z, LI Y X, WANG X R, et al. Effects of
different preparation methods on quality and shelf life of
Qinghai flaxseed oil [ J]. Food Science, 2022,
43(11) . 92 -98.

GOYAL A, SHARMA V, SIHAG M K, et al. Effect of
microencapsulation and spray drying on oxidative stability
of flaxseed oil and its release behavior under simulated
gastrointestinal conditions [ J ]. Drying Technology,
2016, 34(7) . 810 —821.

XTI S JRRORF JH MU 28 1) ) 9 S HERE T 1 RE AT 50
[D]. HBM . TR Tl k2, 2016.

LIU S B. Preparation and release behavior of flaxseed oil
microencapsulation [ D]. Zhengzhou:; Henan University
of Technology, 2016.

ZHANG T, ZHANG Z, WANG X. Composition and
antioxidant ability of extract from different flaxseed cakes

and its application in flaxseed oil [ J]. Journal of Oleo



56 BB R R 2023 43 H
Science, 2023, 72(1) ; 59 ~67. [S1] Behede, WAUIAE, B, 4. SORBCHRN BOER)

[50] PNEH, D, SFutd, 45 FLBIAR R GHE R BT il # LA BT IET]. 'R, 2021, 46(2)
FEHEREL)]. Eah TR, 2022, 43(24) : 444 451, 151 - 157.
SUNHT, MAY, GUO HT, et al. Research progress YINCY, YANGM ]J, MUT H, et al. Preparation and
on embedding flaxseed oil in emulsion system [J]. stability of the microcapsule of rosa xanthina seed oil
Science and Technology of Food Industry, 2022, [J]. Food Science and Technology, 2021, 46 (2):
43(24) . 444 -451. 151 - 157.

Preparation Casein-Pectin Conjugate Based on Maillard Reaction
and Its Application in Microencapsulation

YANG Sigi', LIU Qing', SONG Yan', LIU Libo', ZHANG Guofang', LI Chun'’*",
DU Peng', ZHAO Kai’"
(1. College of Food Sciences/Key Laboratory of Dairy Sciences, Minisiry of Education,
Northeast Agricultural University , Harbin 150030, China;
2. Heilongjiang Academy of Green Food Science, Harbin 150023, China;
3. Inner Mongolia Yi Ying Mei Dairy Co Lid, Alashan 750308, China)

Abstract ; The casein-pectin conjugate was prepared by Maillard reaction, and the effects of pectin on the
structural and functional properties of casein was investigated. The optimum process for casein-pectin
conjugate was determined by combining response surfaces with single factors taking the grafting degree
and browning index as the response values. Flaxseed oil microencapsulation was prepared using casein-
pectin conjugate as wall materials. The results showed the optimum process conditions were casein-pectin
mass ratio 3: 1, heating time 1. 5 h, and heating temperature 90 °C. The grafting degree of casein-pectin
conjugate were 37. 06% +0.80% and the browning index was 1. 05 £0. 014. The determination results
of secondary structure showed that the o-helixes, (-sheets, and P-turns contents of casein-pectin
conjugate was decreased by 26.39% , 9.21% , and 2. 23% , respectively, while the random curl content
was increased by 12.43% , compared with casein. The functional properties (solubility, emulsification
thermal stability and antioxidant activity) of casein-pectin conjugate were significantly improved compared
with casein. Flaxseed oil microencapsulation was prepared by spray drying using casein-pectin conjugate
as the wall material and flaxseed oil as the core material. The results showed that the maximum
encapsulation efficiency (77.06% +0.98% ) was reached at mass ratio of 1: 1 between casein-pectin
conjugate and flaxseed oil, and the microencapsulation had a complete spherical structure without
fragmentation. In addition, the peroxidation value of free flaxseed oil was (14.70 0. 51) meq/kg after
stored at 25 °C for 28 d, the peroxidation value microencapsulated flaxseed oil was only (3.82 £0.07)
meq/kg, indicating that the antioxidant activity of flaxseed oil was significantly improved by casein-pectin

conjugate. This study aimed to provide a scientific basis for the application of casein in food industry.
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