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Properties and Proanthocyanidin-Loading Capacity of Acid-Induced Micellar Casein-Sodium Alginate Emulsion Gels

QIAO Leilei, YANG Min*, QIN Juanjuan, LIAO Haizhou, JI Wei, LI Qian
(College of Science, Gansu Agricultural University, Lanzhou 730070, China)

Abstract: In this work, oil-in-water (O/W) emulsion gels with 70% oil phase were prepared using micellar casein (MC)
and sodium alginate (SA) as substrates with the addition of gluconate-d-lactone (GDL) as acidifying agent. The effects
of GDL addition on the microstructure, stability and rheological properties of emulsion gels were studied, and the release
characteristics of emulsion gels loaded with proanthocyanidins (PC) were analyzed. The results showed that with increasing
GDL concentration, the average size of oil droplets in emulsion gels decreased, and it gradually decreased during the storage
period. GDL acidification improved the apparent viscosity and storage modulus of emulsion gels, and this effect increased
with GDL concentration. The microstructure of emulsion gels did not change significantly after heat treatment at 65 or
80 C for 30 min. Meanwhile, the emulsion gels were stable to acidic and basic conditions as well as storage. In addition,
the release rate of PC-loaded emulsion gels was higher than that of free PC during simulated intestinal digestion, and the
cumulative release rate at 10 h increased with GDL concentration. The results of this study could provide a reference for the
preparation of emulsion gels based on MC and the improvement of PC stability.
Keywords: micellar casein; proanthocyanidins; emulsion gel; rheology; stability
DOI:10.7506/spkx1002-6630-20221117-206
55 TS252.1 kbR E: A SCEGS: 1002-6630 (2023) 16-0050-11
g3tk
TEET, ML ZRIBIE, 55, TRYS 3 B F1 R R -2 R 7L BRI P o S FOXT SR AT R I e BB 7], & wb B2y, 2023,
44(16): 50-60. DOI:10.7506/spkx1002-6630-20221117-206.  http://www.spkx.net.cn
QIAO Leilei, YANG Min, QIN Juanjuan, et al. Properties and proanthocyanidin-loading capacity of acid-induced
micellar casein-sodium alginate emulsion gels[J]. Food Science, 2023, 44(16): 50-60. (in Chinese with English abstract)
DOI:10.7506/spkx1002-6630-20221117-206.  http://www.spkx.net.cn

Yok F9T: 2022-11-17

BETH: ERARBFRESEMX A ARSI H (32060549) ; HiliA ARRFEEETIH (22JRSRA861) ;

HAAOV AR BRI AA T EHRITHE (Gaufx-0202) 5 HRARN BV EROIHAEETH (GSAU-STS-2018-18)
BAEE A ST (1996—)  (ORCID: 0000-0003-1580-0548) , 4, Wi-LHIFiA:, WHFLIT I N & L.
E-mail: 690029331 @qq.com
*AEIEH AN A (1981—)  (ORCID: 0000-0001-9491-3385) , Zr, ##%, L, WIFITAEMLE.
E-mail: yymmy12@163.com




XA ML

E6mill=

2023, Vol.44, No.16 51

JFftH & (proanthocyanidins, PC) & KIRZ AL,
&Y, B RIFRPUEA . FASERYY. /i, PCRa
TEMRZE, fEFfrEpHE. . #MER TSR, S84
PRI BEAR, PR T HLAE & b R = AT R R
THERE XN AR R E, EXEHITER
MaE MR, CHFRBEZEMAEER, WA NERT
. ABREYBRI Y, W R, BB H R
B 2 R 1 8 PC, &t B AN k4 his, R
HHIA79.47% . LIREE A Rig. mREE SN
FR I TR e R A E Fm1892.58%, MEHEN
12.34 g/100 g, i %] 57 946 T R AEW/O/W UL A )
L (87.74+£3.12) %Y. HAh, LAk AFE R R
TR e o P C AR 22 B 2% ELAT B () [ ) 47 A3 B AR
AL, FLIROBR IR 3 3% T A 5 O T AT — e A s

AWE AT EAR. 2% Ry THl &0 —
P 2 R AR MR, LR BEAT AL B AT B 450,
AR T FLMORIEE R I S EAR A, B S A ) e e AR v
Ny T 5 25 10 LR I AT AR R Bk R g, A
TP R B A M B ARE A A, R AR N
Lin Duanquan®§" i 50 R I, 13- 78E IR 46 FK 500 B 11
B FLIR B IR A B A AL R A B e, Al O pHAE 7%
FRE AR maE R, HARRROERES T NI R
PIRRE M o K23 5 B 1 22 LU S R M B 2R 1 B o
A (66.624+0.98) %", fLEHEW/O/W B SR
PRI e 21 A 27 A e MR R i BE A5 DA, A AR )
FHE S T 2~4 £, dbal W, L iRoke i /e o 1 A i
EVETE ST 5 T B A R P RE .

i F IR (micellar casein, MC) A s EH
MRBRIFAETEA, BAEPKEZ LA MMPENE, Ik
N—FRREAE, TG A BT
WFFR, MCHEKE 7 PCH)#FaE Mt ATH,0, A L
e HRT, O IO SR (- RN (sodium
alginate, SA) F & FLIRERIAT T 45 A AL #T,
RIZ IR B R AR KR eah, R AR
N-BT R R R R E G R RAAEIEE R B TIILRRE
BRI LLpHAR e AR SR, AEICpHAE T ] OR3P
ANFEAAREY SR, MCIHEFLIRER I o B X PC A A 1
FED .

PAIMC. SANFEFT, LA % FEfR-0- N R (gluconate-
d-lactone, GDL) AR, il & 2 i A 70% 1 7L
BEIE, FFCGDLYN Nt X0 FL e R O 25 44 . e e 1 A
WARAT R s B FLREE R PC IR IR P« 9T
g AT LR AR S PC o TR B FR AR S 5 K H
AT MCTE FUIR B H 0 B FH S A 2 BE it

1 MEST%

L1 MRS

MC 2 {8 A B BA AT 3 7 20 4, 0 B2 IR 1 4 FLPE
4 000X g&%.0230 min, Frf3MLAEFLIEAT I 38, #E 0T
i 4100 kDa, @5 )E /°40.4 MPa, JiiE /9480 L/h;
WA R IR UG A TR EE R, ISMC, 75 E
EARSEN (832611.87) %: &t KEM %5
EHAMTWAHMRAR,; SA. PC. GDL  Lig# itk
AR ARAR; BEAR (1500 U/mg) « HEEA
(>2 500 U/mg) R AR AR AR
RS Wlb ST TR
12 W5

FD-1-50 LW URT RNl JE Rt B s A 8% A
BRAR: HISSOG A ik B Ol W AT =S

HREMRAT: ADSO0S-HIFHEHL i & RIS E

AMRAF; N-180MYG2 BB R L XA B A
IRAw; MES2-NEIEZRICRME MBSO REAR

HIRAT; STA449FS[ED AT 48 1 i A 25 )
EA AR ZEEnit700P AR FIRISOBIEA  fEE S
ENPCE AR AT, HR-DRGRA R EREE
R A BXT-SH2MER /KRG &  FilgRedtsnllAfg
FRAF]; UV-1780XDEH K A-1] Wy BT ByidAX
ARAF.

1.3 ik

1.3.1  FLyRsEe R %

HER TR — E EIMC, ¥#710.05 mol/LI¥ % 25 2%
MW (pH 6.86) , 37 ‘ClEIR/KGH L /12 h, FF
R IN0.02% 1) & FALENE AN 7], #17540 mg/mLAMC
Wl ¥ ERSAET0.05 mol/L pH 6.86 1 IR £h 22 1
Wb, 37 CHEIR/KG RSP R R, 4 CREN
WEFEAKE, HITHF2%ISATEH -

8 mL MCA#, 43 M¥#mo. 5. 105 15 mg/mL[¥)
GDL, 37 CHi/4iHE2 min, #R)5 52 mL SAVEHIRG
WS4 E2 min; B9 mLIE & W INEI21 mLkK S,
K H B #%14 000 r/mind4) J5i3 min, #1453 FL0EER, 45
iC/EG-0. G-5. G-10. G-15.

FIMCHR A4 mg/mLIPC, Z:H8 FiRDIRHIARFL
W, e EG/PC-0. G/PC-5. G/PC-10. G/PC-15,
1.32  FLIREER O 546 oy #

SR FH 5 S0 A R {31 BB ¢ ' Y T R 2% L R e R 1)
WO o FH IR 38 9% i K ot R — o A5 S Tl
A L, R EME T x40, HEXI0T
AT WER, I F Image B AF X i i R~ b A7 4t .
1 mg/mL % FFABXIMCHeta, 0.5 mg/mLY) Je & 4%}
AT e, SRS RFLBOERS, R 9Ot BB AT
WEZ, Bk 5 8545 nmA1488 nm.



52 2023, Vol.44, No.16

Bl Z

XA MY

1.33  FLRBER RS E o b
1.3.3.1  eskfe e

VAL B oy e TN B O, B T4 CUKFEIR
1F, BN MG ILIMI LR o
1332  #Afaet

B LT B 4 B T 65 (CAIS0 C K ¥ A
30 min, [HERVA N Z 5 I 5 2 M FLIR R 1) A0 LRI B
SRR
1333 HWRfaEtt

] 25 BT /K oI T mol/LATHCTA R BENaOH A,
Sy BB R pHAE 1. 3. 4. 5. 7. 9FIKIEW, 10T
BB I3 mLAS [ pHAE FO¥ W, OB T dJa s Hdk 47 4b
WIS GRS
1.3.4  FLIREER HMCHE BT 2 bt
1.3.4.1  MCEBSFERE /bt

Sy AVEUBCE O hAI 72 hif FLIRHE 4 000 X g 5.0
60 min; HUE0 5 FZEKM, AT F R ERN- R A
I B Bkt i LBk (sodium dodecyl sulfate-polyacrylamide
gel electrophoresis, SDS-PAGE) 43#7. 7KAH5 TR
DAL TR ELBR 2, W30 s, FEME/KIG T ks min, 2R
JE1E4 000 X g .04 min;  EAEEN6 L, HLE150V, H
% OB RS0 AT YL
1342 BT RIS ST

K FH A R WO 1S S 7 L e 25 0 Jis 7K A
HE TR
1.3.5 #E (thermogravimetry, TG) 734t

AEFIFRE 3 ~15 mgFLIREERCFE &, B T2 EaH R
W, DU HERAVE T R, R B T OORRE o 1 B R E
BT T, AESRATRE, REEEIN25~500 C, FF
IRIEZENS C/min.
1.3.6  FLIRBERRAR R 2

A0 I AR A3 4K T B R AR T, SR BLAR
40 mmfPATIR, WEEIBANL 000 pm. W E i
fE25 C, FFRFAHIEE10~100 Hz, 030 fe M &
(G") FFEfiE (G") « eI E sy PR R A
10~300 s~ FHET
137 FLRBER IR SMERTE AL

%% Chang Chao%4™ [ 7%, RifEfEt. ¥1 gl
BB N B 7> 7 oA 1 kDalf @4 o, A3 mL
3.2 g/LEEABFO.5% MR IiE . pH 12008440 B ),
KB R T A INEEY B# S, 137 C. 100 r/min
THR#%2 h, &FE0.5 hE3 mLENTR, Fl AR E R
TR PR G R KB M R s W p HAE R 7.5,
A3 mLEA10 g/LIEE A2 g/LIEIHE: . pH 7.5/

PR, RETAINEA BT, JR%8 hs HRlfEfE &
B[] p 03 mLE T, FH ARG b e . T
278 nmAbXEE TR AT RGN e, PCRE R @ L [F] A
NIRRT ZE ()=0.006 42x+0.015 63) 5.
14 HiEgt

T Bt /0 N3 e aE A, Bl UxtsRoR. $
K FHSPSS 19.0HEAT BRI K 7 2240 BT, Hid \) 22 7 2 %
STk FDuncanyk, P<<0.05, ZRE%E.

2 SRS

2.1 FLIBRRIE M OV 4 R e kA R 1k

H B 1am] DL Y, FLIBEEEC N O/W LS5 H, MC oy Aii
TR B bR, FLRRER o AR, E
SR AR WA, BHIHOREER . AR T PCH) Rk
JETR EA20 dJa A B 2 B, R WA AT, B
B B AT AT A A€ 1

a G/PC-15

20 pm

Elarf G i, 2L R AR Bom sl iHRF RS b 7e 245 53

HIAGDLEE RO, 5+ 105 15 mg/mL, FEdh %KX HNG-0. G-5.

G-10. G-15. G/PC-0. G/PC-5. G/PC-10. G/PC-15, KI3A. 4[,

1 FLRERG-0RIG/PC-15MSOL WA B (a) K4 C T AN
WG G/PCILIEBE I (b)
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