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Recent Progress in Research on Interaction between Starch and Milk Proteins
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Abstract: Starch and milk protein may coexist in many food systems. This paper systematically introduces the recent
progress in research on starch-milk protein interaction in yoghurt and cheese systems. This interaction can affect the gel
structure of foods and consequently alter their texture and flavor. This paper is intended to provide theoretical evidence for
applications of modified starch in dairy drinks.

Key words: starch; casein; whey protein; interaction

k. TS252.42 SCERAR RIS A WE S 1671-5187(2012)06-0030-04

W FLk-6. indd 30

FERE M PATAEVF 2 SR - R R A AR R, BN
A LA I ROE T — AR S IR P, s
PV o REVERD TN ZF W5 44 3% rp ] LUCSCRs 7 i FR) SR
BRAR A ™ S, I HL AT AT OB B0 ™ e el 1%
i BAT BRI R L A s, TR TR Tz R
TE o ARSI LA -5 SO0 44 P 5 1T 2R e A 24
TER S AR LR AR AR, DU A PG A 7 3L i A
BRI R TSR A IR A I o

1 EBS5FHEQREHRR

L1 ek

TER AE R 20, AR AE R ) — Rl
X 27N (CH, O ns J3 b ELBEGE N CHIFE K7 ) A 52
BEVERY (JBUENT) o LT ) TP T 3 A UL (14 &85 ) A
TEN BB SR RSB R i, AR RR R vk 2L
Oy FEEMIFEEE VTR . SCREVER IS AR . HBEER
RS HEGE Ry 045 TV AP AR K ZE 5%, AT M o)
WM TE G s 5 LA24~ 30 AT B R RE Lha-1,4- 0
T AR S, AR SR hya-1,6- Bl T 5

Wk H . 2012-10-01

H AT UE R 75 £ T b i Y R B R R )z, AR
P Ve By (1) &5 R RN BRACHE BT R T vE R AR HE R R, Rlig
FWEE . AR 2E sl 1 Iy vk, R se R AT b B, EHH
A3 A SR R 3 (P . B I AR PR R A AT IR
Ky EALTENRE . BRALTER . BRILTERY . TORIILBER A5
PUAT IR e 77 AR P SR S AN T I BB 4y T
AR VE R I AR RARVE R, — s A PR BE IR e A m]
B AARTE AN AN, TR I AR P e by 2 — P e A 1 £ i
IS MeAk, SERAE A — BT PR A I ORAR YR, LR
B T EORE o SR ST T2 N TG
2, AR, BEZY. REGT. B, AR E AR Z Tk
W AR RIE T B R IS AR T R RN s YR
FASEPHRIE T AR MRS AE T KA FR R AR N s /54
BAEEURIE T HT RN A W B A R R 9
12 F9EA

N AR A IER A 200, LR AT8FE A
WH S ARG K, XL E IR N O T 2. A
WM Ea PR W RS T A R H R, X
| MESES. TP EA RS EA. 4
WEAT U B E A SIS E AR, BEORS

S

EEDH: Sreg iR RIH (201102037); 1A &S ERRH TR H J11LC12)
TEF A XIEH(1988—), &, Wi-EWFFAE, W57 b DhRe & i S5 & s s, E-mail: lxiaoming1988@126.com
SEEEE . EI971—), 5, Bz, i, W55 o ThRE A S S A A NG . E-mail:  cuibopaper@163.com

S

2013-1-24  16: 27:57’7



| T T

W FLk-6. indd 31

31 2012, Vol.35 No.6

——

SLUUR F 53T

XA SRR

Py EEEA, tHa-y f- p-Ric-BE ALK, &
P, A Bk SL I A LS e . o- M1 B- 18R
AR 2 LA RWWEIRIL, TEIRES S &G0 FUH & A
REF L BRI 1 2 AN B RS- FLEREE L a-FL A
AL REEREA. ARER. WL AR E AR
#h AT B (WP R4 7L 55 11 (WPC).

2 EBSHAPEREGNHEERER

2.1 eI AR UM EAEH

iR R R I R, B AR R R
53k Z R AR AR AT T KR T, T
TAR T 5 X T R R A P R )55 0 19 5 T o

TR R T B AR R I — R AR, YER A
P R I A AR R T 2 B T T S BT o AR 0 B
Doublier “RE T /N3 by« S I MR Z 54 n
NS IR BN IS 0, BF 90 S0 i N T 2 11 R 5 B0
AR IR R R AR, (B L GRS ma
SR IVERT . I HLRS B - e G B BRI, oAb
2R SR (IIVEHE TR . X S Lelievre 5 (1A
FUGEFAH], DA X A AR e P 1 e 2 T RS A Y
AN R ek ik R SR TS R .

A T R 1 9 — B R R TR O
LR SE N (35 K M 5 O /K o Noisuwan 25 iff 57 %
WIEAS 2R 05 2 (o e B i s g o AT IR 5T T 2 Rt
B E 1SN KR K B A SR 1 55 0 0 ) A R 4 2 05 2 1
(MPC). Mtfla - WhEE 1 1(SMP) 73 B LI & 1 (WPD A%
WO . W AT AR E . R 2R FRE R A
WOEHHE BT (CLSM) )7 VL5 AE, 193] T 5Bertolini %5
KA S5, B A A RS TR M B %
Wio 8K, HIAGEETE AR 25 52 B PRBE 4 1 (Ui 58 (1) 5 1
Noisuwan5"* A i SMP-JiE Ky 8l FIMPC- 1 #3191 11 4 73 85 A
SRS FRA, KRR R A R ek Bk 4y
it hy BRI SCBESER 2 T
22 WERIIEEAMHEAER

FUHEAZF PN S - REAR, SRAN
8%, WEL-FLERE . a-FLERE . EEkE . FLEk
WO, A REWOERIERE SR T 2. X1
FLIE R -8 2 T A B F A A2 5 Al T KR
WA -

FEMS A5 4T T A4 28 FUI5 8 A 5 H 2R n #uR
BB A S B R S, 0 # T R R pHAELAN
NaCl. CaCl,# &0 WPLEEIE S WP H S iE ki 5 e IR
WAL PE RGO S5 R IR R . 45 2 W Bl 5 pHLE 3 K,
TG JC VY 58 R A BE R /S, S e A 10— 2D A T IR
IR (I AR FE s AR FBE 1) 388 KAl VS 5 v e s S 184 o, 1

S

BWIR IS FEK JTRISR AL U R BB R
NaClAICaCl, [ 5 % 12 43 ) S 90 H 22 L R RN 0k R
SRy o TV VO AT G LA R 1 S 0 A IR
KK TT B I BELBR M BE IR s e R TE T DA RS R 2
EOKTE R (CCMS) 2 JsU ik, Hli LA ag 7] BE9E 5. it
T B B MR 45, i ek 9 AiE VR A T A IR R A K JE
MHFLEE A SR A AN, %% T AN &N
A PR IR 6 AT B R R 5 s K iy vl I LB 2k 7 1)
SO o 2 JER LI B (1N I Ak IR Ay B 5% T, ]
R AP IBAR M s, WoKFR e L. Yang Hong
AEUUE R R 1 TR A R IR AR S M A
0T T WK K S B SR RIE g . kah,
SN B A LA R R T R 1 T i R v i 45
FERIMER, Bk 44 T8 5 1 3 8 i AR 4 R P
A

AguileraZ:"IGIE T HGE G FLIE R (- IR BER
MR R, BRI S R B RIEI T —ME AR, E8:
{1 WPTH 78 35 ¥ I 0 K A R 5 By R . Olsson 5%
6% B-FLEKER 0N B — & SCREEN & /= 1 T ek
T B4 IR AR 43 25 . Olsson5"'7E 5 4h— S5 51t ifF 5%
TB-LGE LG IR S5 7, 0 sk 5 AN [R) O R
HIMERR B, BN B e i 2 A7 B TR AR AL 1 1 T e (1)
WAMSK LR . Zaleska 5 W 9T T — B WPIL- T 445 e by
AR AL S o ABATTIA A SR AR 11 22 (R 45 5 (1) A
A P AT R R LA T, R A ) 22 BRI
7 I IR FEA BAE 45 R . ShimZEPHF 5T 7 pHAHE
WIS . R IE ST WPL- R K e MBI I 52 o pHARL RN, 5 %)
Tk (P A 2R R AR R P B 2R G T ], H YpH
{E KT 70 A S B 108 W 4% 5 58 2 0] 1) P R4
H, XN REH T — 1 & SRS . Fitzsimons™. Vu
Dang ™ 253 BIHF5T T WPL-AZ I K S M VA B e (1) I A5
P, WFIT S ST WPL-UE A TR A ) 1R 9k 3 14 5 FR Bl e by
I AT AR KA, Y WPLHKR B T = VR A4 1 3
FLATSABLT [ A 3R T 1) 3 A P a3

3 BRRGIRARPEB-SOR KA EAER

3.1 R R

Bl G AR L Tl 26k, AATTREFLH s, et
AT RAF U AL H LA DR A T Ak (0 R 7L o1 1) 75
SR H 0. 0 SR 9 LA B JE (¥ AU S 1) O
. EGRERA R R, B JETERAE,
VEZWF TR IR INAL GE I I8 0 T A A A2 e RN
M, T L2 52007 b ) R AR, T e AR M
RIS B A R R, PR
DI B, &S TR AR LTk, AR

(T

2013-1-24  16: 27:57’7



| T T

W FLk-6. indd 32

XA ERIb

——

Journal of Dairy Science and Technology

2012, Vol.35 No.6 32

(1) N F i e T BR A 7 I L rp R M A, R T R T R
Gy AR T SR RS e

PN PO T oM T IR IR AL AT R R A B
FERRR YN o 85 3R B ST ok R PR E AR L,
IS0 2T T RRER AT Ry AR S M i TS
X IR E W e S, BRI IR YA (LR, AGUIRES
LR B T AL . ST R ER AL AT e
W IE A N TR R G N T, B3R R AF e
fitk. BRE T S RERACENEN S5 R R R A A
H: BRRETT TRESG A ERERN0.3% 1 )5R0.04%. ik
BRI ST T A R R YRS I 2 LIS I T,
L T B B WY A e ) B AR LA e ZALE R
0.6% HERES% . WiMEFLNI2.5% M 82%, 138 HIE
Iy FUBGIIR . RGP e AL R 5 o

FEl A0t A7 1R 22 06 3k N T I 9 b i 4R e .
Williams 2 PR8I0\ S 1 T K e b T LA In 286 2 {H 2%
5 T B PRSOREIR PR TR AP B A1 i P il 82 m] DA AT 2%
HiL3BE 53X B AT 540 . Sandoval-Castilla®5™ 5 4E 7 44 ]
SO A S b R At L A R e LT T AT B —Fh L
42 TG 1R U 5 R [ (1 45 K9 . Anema 8 PYIGHIE TN T4
TR TBE g 25 5 2 B AR S0 o S AR TN AR T e
(), $m T eI i pHAE R E I IR R o TR IR W AN 2
ZEERY I, 1T W ) 52 R BE )5 . CLSM
KR TR TE i o A e B I . Zuo ST T
N 388 KK K 1 T P8 0% 1) B 25 T AR 24 ko AT
RN TE RS 5 | B R0 R A 38 0, O BT
oY A D DR S R TR R T ORI K s, B T
AR R
32 kR

e T P TR 9l AN K 2% ) 2 52 LI T XU R
&, BT LASLIS AR N I 2 D, AR DA I P 2
BICFLIEAE AT %o MEG, [ A 27 35 55 L % (R 9
%, JUHXFLES h s MAE A T RERAES, S
A W ERRF R ST, B W AR PE 52 B I (R # 5 4F
Wy AR HAR R B S0 . Mounsey 25 POWF 58 T AN [F A4
(1) D K R SO R (s, I HLR N I FLI 1) ) B
FEVESZ Uk T R E R I . VKBRS UKL
TEAR S UKL AR RO GE R B RS2 . ARG SR UL,  ERE
3 ik )N LR 2 AT B AR B, O A DRy o
(1) LB b A N 3 LI I e U R b & R AP AR e
o VER IR T S B35, X2 h T4
JRAE T A A3 ARl 2 20 3 1 2> 5 B0k R A 43 125
TrivediZE" 58 T 6B AR (e M (D8 ek /D
AVERy S BRALTERY S EAE FORTER . SCRE ROKTER A
KK GER AT IN T FLIE& AR 2= R A s . W70 B,
NVE R A T 18 0 A [ A ELAE A8 0 3 A9 - A T R - G D

S

1A (R AR ELA 0 AR AR R . SR AN I T L
PG R B R, T 9 PR ) e B T PR SR R R
I HL AT HIGE A A 3 23 i I A A R B O
SRR R P FLI o

RV BUAEE B 5 78 LA PR LA Y ST I A
TR BERE, AHREAT V2 WA 20T, X AR
Wy e 1 g R R UL AT EL AR D AR B AR
R RO FUAIE 9 2 W7 % A (1 Rk JORE 2 1) A7 AE AH 23
o AHoE, SCHRIE WK I 2 I 5 1 08 e 5|
JEL RV (0 S I A WA R . FIRE, BARA OG I
B - SR A AR A KRR, (H2 A A
FIRR 7 VB R AT WA (R, 3 th i 20— P IR
o MFFLRR P> =% w2, S
TWRCIIAERE . BAR T Z IR T I TER) REW 1Y In 14 &
MIRSENE, TR R i DS ik, BRI S L
TR E AT D0

S 3R -
(1] AR, Wilkde £ 3 4t Tk A i N [0, 5 dR ARk, 2011(7):
283-285.

(2] PR, WA, Bl AR AE LML K A BEECR AN (], V4
FIZHEK, 2009, 31(5): 25-27.

B 4, BRI B BUVE b 2k A M e il I R w7 0] s A
FE2BE AR, 2007, 3(1): 22-26

[4]  DOUBLIER J L, MARZIN C, VISDELOUP 8, et al. Effect of sodium
caseinate on the pasting behaviour of starch from different origins[J].
Carbohydrate Polymers, 1944, 25(3): 228-229.

[5] LELIEVRE J, HUSBANDS J. Effecf of sodium caseinate on the
rheological properties of starch pastes[J]. Starch/Stirke, 1989, 41(6):
236-238.

[6] NOISUWAN A, BROLAND J, WILKINSON B, et al. Effect of milk
protein products on the rheological and thermal (DSC) properties of
normal rice starch and waxy rice starch[J]. Food Hydrocolloids, 2008,
22(1): 174-183.

[7] BERTOLINI A C, CREAMER L K, EPPINK M, et al. Some
rheological properties of sodium caseinate-starch gels[J]. Journal of
Agricultural and Food Chemistry, 2005, 53(6): 2248-2254.

[8] NOISUWAN A, HEMAR Y, BRONLUND I E, et al. Viscosity,
swelling and starch leaching during the early stages of pasting of
normal and waxy rice starch suspensions containing different milk
protein ingredients[J]. Starch/Stirke, 2007, 59(8): 379-387.

91 TS, A4, TIH. AL E A S H B nHu & B &
MEEHIFEPERIBTIE]. o TALRHY, 2007(7): 94-96.

[10] BT, B, BORER. LI R AN 0 2 IPEER Y RE oK e Ay n]
FrIBERHBR PERE R T]. ©3E TR, 2011, 32(1): 46-49.

[11] YANG Hong, IRUDAYARAJ J, OTGONCHIMEG S, et al.
Rheological study of starch and dairy ingredient-based food
systems[J]. Food Chemistry, 2004, 86: 571-578.

[12] HOFFMANN M A M. Heat-induced aggregation of f-lactoglobulin:
role of the free thiol group and disulfide bonds[J]. Journal of

(T

2013-1-24  16: 27:57’7



FLVk-6. indd

33

2012, Vol.35 No.6

SLUURF 5% TN

XA EEA

[16]

[17]

[19]

[20]

[21]

[22]

[23]

33

Agricultural and Food Chemistry, 1997, 45: 2942-2948.

HOFFMANN M A M, OLIEMAN S G, de KRUIF K C G. Molecular
mass distributions of heat-induced f-lactoglobulin aggregates[J].
Journal of Agricultural and Food Chemistry, 1997, 45: 2949-2957.
KEHOE J J, FOEGEDING E A. Heat-induced aggregation of
f-lactoglobulin as a function of pH[J]. Journal of Agricultural and
Food Chemistry, 1999, 47: 1898-1905.

de LA FUENTE M A, SINGH H, HEMAR Y. Recent advances in the
characterization of heat-induced aggregates and intermediates of whey
proteins[J]. Trends in Food Science & Technology, 2002, 13: 262-274.
A, PMEEE, KA 2 1), B-FLERE AN R A 2L 1 S 30
PERIWEFE]. P E AL B2, 2005, 38(8): 1652-1657.

AGUILERA J M, BAFFICO P. Structure -mechanical properties of
heat-induced whey protein/cassava starch gels[J]. Journal of Food
Science, 1997, 62(5): 1048-066.

OLSSON C, STADING M, HERMANSSON A M. Rheological
influence of nongelling mylopectins on f-lactoglobulin gel
structures[J]. Food Hydrocolloids, 2000, 14: 473-483.

OLSSON C, LANGTON M, HERMANSSON A M. Microstructures
of p-lactoglobulin/mylopectin gels on different length scales and their
significance for rheological properties[J]. Food Hydrocolloids, 2002,
16: 111-126.

ZALESKA H, RING S, TOMASIK P. Electrosynthesis of potato
starch-whey protein isolate complexes[J]. Carbohydrate Polymers,
2001, 45: 89-94.

SHIM J, MULVANEY S J. Effect of heating temperature, pH,
concentration and starch/whey protein ratio on the viscoelastic
properties of corn starch/whey protein mixed gels[J]. Journal of the
Science of Food and Agriculture, 2001, 81: 706-717.

FITZSIMONS S M, MULVIHILL D M, MORRIS E R. Co-gels of
whey protein isolate with crosslinked waxy maize starch: analysis of
solvent partition and phase structure by polymer blending laws[J].
Food Hydrocolloids, 2008, 22(3): 468-484.

VU DANG H, LOISEL C, DESRUMAUX A, et al. Rheology an
microstructure of cross-linked waxy maize starch/whey protein
suspensions[J]. Food Hydrocolloids, 2009, 23(7): 1678-1686.

SRATHIR. AR ERR Y h N 3], AR =N L, 2011(3): 41-42.
ARt A A PERe S R A M. JEat: o B T AR A,

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[37]

[38]

2003: 3-20.

HBZL, M, 2. kAR YIRS E A S RBESE. T E S L
Mk, 2002, 30(4): 10-11.

YRIEAT, IKTEAR. B MBI i OB BOR IM. R st VLR
B ARAL, 2002: 324-409.

RN, AR R i 5 Y T M. Bt {2 Tkt kL, 2007:
1-236.

BRI, XU, R d BE BRI b B PR L ST AR 7
WL FLIRRE S BOR, 2008, 31(4): 173-175.

N, A M, BB T, T MR IR AS I E B R R B R
PR RSN, P95 AR 2441, 2009, 30(1): 149-153.
SRR, EER, AR RN W2 ALk AR Y LS. B
W EHE, 2010(7): 262-264.

WILLIAMS R P W, GLAGOVSKAIA O, AUGUSTIN M A.
Properties of stirred yogurts with added starch: effects of alterations in
fermentation conditions[J]. Australian Journal of Dairy Technology,
2003, 58(3): 228-232.

SANDOVAL-CASTILLA O, LOBATO-CALLEROS C, AGUIRRE-
MANDUJANO E, et al. Microstructure and texture of yogurt as influenced
by fat replacers[J]. International Dairy Journal, 2004, 14(2): 151-159.
ANEMA H E, WONG S G, PINDER M, et al. Effect of potato starch
addition on the acid gelation of milk[J]. International Dairy Journal,
2007, 17(7): 808-815.

ZUOJ Y, HEMAR Y, HEWITT S, et al. Effect of the extent of pasting
on the dynamic rheological properties of acidified skim milk gels
containing normal rice starch[J]. Food Hydrocolloids, 2008, 22(8):
1567-1573.

MOUNSEY J S, O’'RIORDAN E D. Alteration of imitation cheese
structure and melting behaviour with wheat starch[J]. European Food
Research and Technology, 2008, 226(5): 1013-1019.

TRIVEDI D, BENNETT R J, HEMAR Y, et al. Effect of different
starches on rheological and microstructural properties of ( I ) model
processed cheese[J]. International Journal of Food Science and
Technology, 2008, 43(12): 2191-2196.

TRIVEDI D, BENNETT R J, HEMAR Y, et al. Effect of different
starches on rheological and microstructural propertie of (II)
commercial processed cheese[J]. International Journal of Food Science
and Technology, 2008, 43(12): 2197-2203.

2013-1-24

16:27:57|




