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Microrheological Characteristics of Agar-milk Protein Acid-induced Gels

SUN Jian"? NIU Tianjiao’® CHANG Yuanyuan’ LUO Jie' ZHANG Hao' LI Yuan'
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Abstract; Agar is a hydrophilic polysaccharide. As a common stabilizer of food, agar can improve the
viscosity and texture of yoghurt. Moreover, agar can help to prevent the whey separation and improve the
quality of yoghurt. The effect of different agar concentrations (0.025% ~0.5% ) on the microrheological
properties and gel kinetics of acid-induced milk protein gel was investigated. Results showed that the
elasticity index (EI) trend of agar-skim milk samples was similar with skim milk sample. So there was no
significant effect of agar concentration on skim milk acid-induced gel in the fermentation stage.
Macroscopic viscosity index ( MVI) of agar-skim milk mixed system was higher than skim milk system
significantly before the formation of gel network (P < 0.05). But there was no significant difference
between them after the gel formation (P =0.05). Mesh size of all samples was decreased sharply with
the fermentation process. In the cooling stage, EI of samples was increased in the agar concentration,
while MVI had no significant difference (P=0.05). It can be concluded that adding agar can increase
the gel strength of the yoghurt, but it had no significant effect on the fermentation process. The suitable
agar concentration in yoghurt was determined by analyzing the kinetic equation of agar-skim milk acid gel
formation process. In conclusion, this research revealed microrheological properties of agar-yoghurt gels
through microrheological method and gelation kinetics. The results can provide the reference and
theoretical basis for the application of agar in the enterprises of yoghurt. This research also can help to
promote the development of yogurt industry.
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Fig.1 Effect of agar concentration on EI of yoghurt fermentation
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Fig.2 Effect of agar concentration on EI of yoghurt cold storage
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Fig.3 Effect of agar concentration on MVI of yoghurt

fermentation and cold storage
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Fig.4 Effect of agar concentration on mesh size of yoghurt

fermentation and cold storage

2.4 FE-RELEGRKRIINFESH
R 5 Hh 4 i B 1 0 B O S M B i R R B



%21 Mt 45« SIS -5 3L AR I R 5 B TR A2 A A F 337

Moy ¥ AN A g 28, R 2 S5 MEEH) o T 5%
W > Je 20 T ELAT 3 T 9 29 25 A T BB, DA i
SR B AR O A4 O S e . S R A5 g ET AR

E, —2Z&#ER T, om
E——S2 300 5 (¥ M P F , nm
—— 4 1% 3ok 5 235 4y 700 Ak % B h

Ak 1 28 7T L LR AR 5 37 R Cross 155780 114 3% 48 3 p—" ¥
1% 7 FRAR A b4 S B pa—t Y
E. -E 1 BRI FLIR A 1 2 38 BE R A8 B ) 2 5 R

Evi—E, 1+ (k)"
K B, — WA T om

BRSRE IR 1 Fron o i e R 005 A 1 bk
TERB R AET 0.970, UE B RLIE A .

x1 REFHEFBUSGSH
Tab.1 Parameters of rheological kinetic equation
B HE 5 % E,\/nm Ey/nm "2 k/h! n R
0 0.0224 +£0.001 5* 0.000 114 +0. 000 054° 0.258 +0.001 1° 6.609 +0. 142° 0.978
0. 025 0.030 7 £0. 002 0" 0. 000 154 +0. 000 037* 0.233 £0.004 0° 6.167 +0.265" 0.970
0. 050 0.0350 +0.001 3° 0. 000 126 +0. 000 030" 0.211 +0. 004 0° 6.353 +0.211° 0.972
0. 100 0.046 8 +0. 001 41 0. 000 353 +0. 000 055" 0.193 £0. 009 0° 5.317 £0.350° 0.990
0.250 0.0665 +0.003 2° 0. 000 615 £0. 000 043¢ 0.178 +0.010 0" 5.949 +0.211° 0.987
0. 500 0.0922 +0. 004 6 0.001 320 +0.000 1311 0. 165 £0.000 5" 7.168 £0.507¢ 0.975

T i) — A [ 7 B R n A P22 5 (P <0.05) ¢
HIE S MR 1 n] LI, 208 Bl 0 e B 3 i
JiE LA AR Y S AR R W AT TR o BE A BUIR VR S
P I, S W 45 AR A AR A L DR Xl T
B v A BV R A 1 e B B AURLHE T

ik

10 15 20 25
i} [a]/h
(a)0
0.08

0.06

0.04

S R F/mm2

0.02

10 15
i/

(d) 0.1%

& 5

MG R BOR F 5 F 0. 1% B, 3508 Wk 2 1Y 1
TN S IR AR R 9 900 iy P PR 3 O, sk i PR D 7 B
AR EEIE KR i T 3l B B HAT A 2 5 1 6 A R
B VR R I SR A B BT R

Wi A2k
10 15 20 25 5 10 15 20 25
Hf A/ bt [/

(b) 0.025% (¢) 0.05%

. 0.09

A

10 15 20 25
HsJ ] /h

(f) 0.5%

Fig.5 Changes of El in different agar concentrations system

IR PR BN T 5T 0.05% )Lk (E A
BN A 3 T i ARG, 3 nT RE R T BRI A A
TURFR R E , T FEAR 1 2 5T 10 265 445 K T2 I8
S35 B A RS A S [ e R R B R
SO0 R M T R AR A AR — B
F 1Pl DU B8 SIS W i s, ksl X

¢ W Bt i e J3E %ok TR 07 1) 5 K o 2 AT W, AE — RE N
FEl AT (BB 3200 ~ 0. 5% ), BRNE W JSE 38 R IFAR T3
Z 1AL A O i T L3 DTS A 78 A 3o 3 B A

3 HRiE

R R A AT T T B s~ I FL IR & 1R &R Bt



338

Kok HLOB ¥ R

2018 4

JERFAE o 45 R 2T, SO — i i L TR 5 TR o6 JC R ARE I
LR B J5C F) I A 8 L TR 72 8 4 A ), 15 3

i 345 588 TR 5 S5 U v 0 A BE Y S IR 1 5 Bl -

JI5E i LR 5 A 2R 8 R P PR AU R TR R 1) 2% i
F 0 i 7L 46 JC i, A L 3k A T ) JHL A B[] 0 v 205
P B A TR 2500 o ko AT DLAS L S 0 B

T LT R ] TR R A ) 5 MG e R {ELRS LA T AR
IR FERL . BRI & RS R B
9L A R PR DDA G, TR AR 3 1 4B R T R W IR
AR AR R P 8] A 22 AR R o R 0L A8 SRR 1R
Wy A W R HEAT S0 0, AT LS G 5 R R 00 1 1
WA REE O Tl AR 7 3 B e Al

& % x Wt

BIC H, LID, WANG L J, et al. Effect of LBG on the gel properties of acid-induced SPI gels [ J].
Technology, 2017, 75:1 - 8.

LWT—Food Science and

China Food Additives, 2011 (1) :

Rheological and structural characterization of gels from whey protein
Canadian Institute of Food Science
[J]. Food

Linear-to-branched micelles transition: a rheometry and

2 EASCHE PR SR R P WD R XS R TR B R A I e (S AR ST [ T] . bR R R B M B AR, 2015,33(6) : 22 - 25.
30 EBE XNy, EHA, S LR ZLEE SN 09 4 S S5 0 K A BT LL R [T ] VS WITE, 2001, 32(6) 1658 - 664.
WANG L, LIU L, WANG Y M, et al. The comparation of several algal agar’s composition and physicochemical properties[ J].
Oceanologia et Limnologia Sinica, 2001, 32(6) :658 — 664. (in Chinese)
4 STEPHEN A M, PHILLIPS G O, WILLIAMS P A. Food polysaccharides and their applications[ M]. Boca Raton, FL:CRC Taylor
& Francis, 2006.
5 RGN, BVE A AN S RS RS R R R W R W RICR RS2 (1] b E RS SR, 2011(1) 182 - 186.
ZHAO X L, LI J H, GONG C B, et al. Effect of the stabilizers in yoghurt fermentation[ J].
182 - 186. (in Chinese)
6 SREM, Dy, W, S 1A R X g R R W BT s s [T ). R EFLA Dol 2005, 33(7) ;31 -32.
ZHANG G D, MA L, PAN X Y, et al. Influence of thickeners on the quality of yoghurt [ J]. China Dairy Industry, 2005,
33(7) :31 —=32. (in Chinese)
7 ALEXANDER M, DALGLEISH D G. Dynamic light scattering techniques and their applications in food science [ J]. Food
Biophysics, 2006, 1(1):2 -13.
8 HEMAR Y, SINGH H, HORNE D S. Determination of early stages of rennet-induced aggregation of casein micelles by diffusing
wave spectroscopy and rheological measurements [ J]. Current Applied Physics, 2004, 4(2) :362 —365.
9 MIN W, YANG X Q. Effects of molecular weight of dextran on the rheological behavior and texture properties of soy protein isolate
cold-set gels[ J]. Science & Technology of Food Industry, 2010, 31(5) .71 -72.
10 GASTALDI E, LAGAUDE A, FUENTE B T D L. Micellar transition state in casein between pH 5.5 and 5.0[J]. Journal of
Food Science, 2010, 61(1) :59 —64.
11 LOFGREN C, PERNILLA W A, HERMANSSON A M. Microstructure and rheological behavior of pure and mixed pectin gels
[J]. Biomacromolecules, 2002, 3(6) :1144 —1153.
12 TADROS T. Protein-polysaccharide interaction[ M]. Heidelberg: Springer Berlin Heidelberg, 2013.
13 ROCHA C, TEIXEIRA J A, HILLIOU L, et al.
hydrolysates/locust bean gum mixed systems [ J]. Food Hydrocolloids, 2009, 23(7) :1734 — 1745.
14 DOUBLIER J L, GARNIER C, RENARD D, et al. Protein-polysaccharide interactions [ J].
& Technology Journal, 2000, 5(3 -4) :202 -214.
15 ZHANG G, FOEGEDING E A. Heat-induced phase behavior of B-lactoglobulin/polysaccharide mixtures
Hydrocolloids, 2003, 17(6) :785 —792.
16 OELSCHLAEGER C, SCHOPFERER M, SCHEFFOLD F, et al.
diffusing wave spectroscopy ( DWS) study [ J]. Langmuir, 2009, 25(2) .716.
17 TIWARI S, BHATTACHARYA S. Aeration of model gels: rheological characteristics of gellan and agar gels [ J]. Journal of Food
Engineering, 2011, 107(1) ;134 - 139.
18 MA M, FANG B, LU Y, et al. Intrinsic rheo-kinetics on gelation process of hydrophobic amphoteric cellulose[ J]. Journal of
Dispersion Science & Technology, 2016, 37(8) :1076 — 1082.
19 SHI A M, WANG L J, LI D, et al. Characterization of starch films containing starch nanoparticles. Part 2: viscoelasticity and
creep properties [ J]. Carbohydrate Polymers, 2013, 96(2) :602 - 610.
20 CURA D E, LILLE M, PARTANEN R, et al. Effect of trichoderma reesei tyrosinase on rheology and microstructure of acidified
milk gels[J]. International Dairy Journal, 2010, 20(12) :830 - 837.
21 HEMAR Y, PINDER D N. DWS microrheology of a linear polysaccharide[ J]. Biomacromolecules, 2006, 7(3) :674 - 677.



