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Fig. 1  Effect of pH value on turbidity of WPI and

WPI-CS solutions
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Fig.2  Effect of salt ionic concentration on turbidity of

WPI-CS solutions
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Tab.1 Composition, particle size and { potential of WPI particles and WPI-CS composite particles

T 1/C w( WPL/CS) d/nm ¢ B/ mV
75 639.7 +12.2° —28.27 £0.45%
WPI 85 717.4 £6.0° -25.93 £0.38"
95 1057.7 +24. 6" —24.43 +0.06°
75 13.09 £0. 65° 1945.7 +71.0° 8.98 +1.13"
WPL-CS(TR-#4) 85 13.52 +1.29° 2231.0 +44. 3" 11.97 +0. 81°
95 13.82 +0. 66* 2415.7 +67.0" 6.35 +0.39°
75 13.10 £0. 89¢ 1348.0 +20.7° 20. 60 +0. 70°
WPL-CS(#A-1) 85 13.09 0. 96° 1618.2 +52.0" 9.32 £0. 05"
95 13.39 +1.04° 1951.7 £20. 3¢ 6.42 £0.25°

[ 91 [ — B L bR R AR R R 462 5% 5.3 (P <0.05)
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PEE LS, XOEH T 75 Cn#k WPL B, WPL 5 f# 3t
B MR A, A B K AH ELAE AR R B4R A 3K
BT CS AT WPL R H 45 %, R L AL
S NHE R W GRS WPL A CS, FE#E AT P kb
P2 fHi15 0 4 F B WPL-CS ok i WPL % &
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FE M AT
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FRA P P T R e 11O P R SRR RN R
B4, R ATLUEH 3 R BEITE BETE B ) WPT-
CS ki WPL 5 CS By ZH hg LB A i 25 1k 22 5
T HKE B 5L B AN 25 %F WPI-CS JUk: 1 45 45 7 8 72
SEMA Bl o PAAb 3R FE B 3G, WPL FT WPL-CS
(FR-TR ) JBURE B 7 A2 72 W 388 10 b 57 265 o {1 % 147 0k
N R DR U T WPT 728 P R 3 1 i 4T
T FEIE T, PR 5 K i (A 5 5% B T 22, 3 T R fr
Bt Jd/ D, WPL 43 [] B 55 KRR B A A 2 i, 38
SERRREREAN' | T BOREAR B K | A A7 40 X {5 /)
(R P FEIEL XS WPT-CS (TR — 4 ) Uk ) 52 i)
FEPH g BT O BN SRR A 2R S A A7 4 o)
{ELSEHE G /0N, 3T AR A PR R 2 HAah B v i it
WPIL 5 CS W24 & SO, T A /=5 23 3R WPL-
CS URLr R E 2510, R AL X {H R, AF
GELE I 75 CHULFE WPI ki S CS RS
()52 A5 FIURL IR R M By, ELORERIAR /N
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(IR ) PR A RIS b WPI-CS (TR —#4) BUkL A kLA
/N 75 CCHE R 744, 5 nm; 85) 5 WPL SR AT WPI-
CS(I-IR) WURLAE 75 C AT I R 48X, WPI-
CS(TR-#) WURLAE 85 C AT I K AL 4a X, i
G2 55K BT s OB AR AR A ¢ R AV AR AR B — R
543 1 RIER 2, % L 35 DI TS AR R A S TR Y
ORI AN ¢ FLA BEAE ), BY 1AL 3 AT A7 200N
TR RIAS X WPT R AL S WPI 5 5 €S IR
Bl A WPL-CS Uk ¢ HLAL T 52, ASBF
YA . B9 V) Ab B ] AR AR R AR T /N WPL AT WPI-
CS Bk , H AN eAs VR A ORI A B B2 X6 R
RIAR A BRI 575 °C B 95 °C #Ub B WPI 55 CS
TR £ 1Y WPI-CS ik 28 5 U] 40 B AE I W 42 5F
/N B R AT A R
2.4 WPI-CS € &R IR LI 3 17

HRAE 2.1.2.2 2.3 RSB 25 51, il 5 7E75 .
95 CHALFEAAMF T B UIAL BEAY WPI-CS (#4-11) i
ki, &3 S WPLHl WPI-CS FURL/E 60 x ¥4 F W%
FNMPOEEG, Hodh g 56 CS, @2t R
WPL, ME3(a) mLIFF],75 CHALHES 1) WPL DL
INBURCR B S Mo e R R b, NI 3 (b) ATLLE
LRSI Y R 00, XA 75 °C

50 pm
—

#2 BIYIE WPLBURLAT WPI-CS & & URL A kLA 55 H AL
Tab.2 Particle size and { potential of WPI particles and
WPI-CS composite particles after shearing

FEh 1/°C d/nm { LA/ mV
75 509. 4 +46. 8° -25.70 0. 40
WPI 85 657.3 +16.6" -23.63 £0. 86"
95 724.8 £43.5" -23.00 £0. 30"
75 1194.7 +88. 6" 2.66 +0.42°
WPL-CS(TH-#4) 85  1248.0£58.1° 8.04 £0.33°
95 1966.7 +137.9" 4.78 +0. 40"
75 744.5 £37.8° 19.10 +0. 88"
WPI-CS(#4-1R) 85 1061.7 +25.8° 6.75 £0.21°
95 931.9 16. 1" 5.89 =0.23°

I it DX A9 7 7 A0 ] 5 £ 3 510 B0 2 1] 2 5
(P>0.05),

PALHE S WPL f# TS, P05 /K 3 H B I, 76 5 /K
FHEAE R & A B4 CS 78 & o A0 B AE A K
FHEAE T A3 AR WPL 10, & 2k S 5 o7 3
G RI R E AR, T LA WPL M CS 5l
SR, WLELIE 3 (c) AT LI A B, AT N S BT
o g W 3 R, UL A WPL 5 CS
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Prafe gt m, Bk A BAE G, SRR
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FREG R AR, ARWFIE R, 75 C R AT
WPI GE06 Wi b 55 CS 454, T B & A 0kL 45 44
HInseEk .,

(a) 75 CHULFEWPT (b) 75 %ﬁ@;’&}iwm-cs

B3 WPk A WPI-CS 524 Uk 1 O 45 4
Fig.3  Microstructure of WPI particles and WPI-CS composite particles
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Construction and Microstructural Characterization of Whey
Protein Isolate-Chitosan Composite Particles

PANG Zhihua, SUN Mengya, LI Borui, LIU Ping, LI Mengfei, CHEN Cunshe, LIU Xingi”
(School of Food and Health, Beijing Technology and Business University, Beijing 100048 , China)

Abstract; To study the formation conditions of protein and polysaccharide composite particles, especially
the effect of processing conditions on the construction of their core-shell structure, whey protein isolate
(WPI) and chitosan (CS), the only naturally positively charged polysaccharide, were used to form
composite particles with protein as core and polysaccharide as shell. The conditions of particle formation
and the influencing factors were investigated, and the particle size, potential and microstructure of the
formed particles were characterized. The pH value and salt ionic strength were important factors for
composite reactions of the two substance. The results showed that when the salt ionic strength was 0 and the
pH value reached 5. 47, the turbidity of the system reached maxium, which was 98.34% and complexation
of the two substance reached the highest degree. Therefore, composite particles prepared at these conditions
were used to study the effect of mixing mode, treatment temperature and shear treatment on the composition
and particle size of composite particles. The results showed that there was no significant difference in the
composition of the composite particles formed by heat-mixing (heat treatment of protein followed by mixing
with chitosan) and heat-mixing ( mixing of protein and chitosan followed by heat treatment), but the
particle size of the particles formed by heat-mixing was smaller and the absolute value of ¢ potential was
larger, indicating that the particles were more stable. There was no significant difference in the proportion
of protein and polysaccharide in the composite particles under heat treatment conditions of 75, 85, 95 °C,
but the higher temperature, the larger particle size and the smaller absolute value of the potential. The
particle size could be effectively reduced by shear treatment. The confocal laser scanning microscopy
showed that the composite particles formed at 75 °C exhibited a clear co-localization of protein and
polysaccharide fluorescence. The results showed that complete core-shell structured composite particles with
particle size approximately 744.5 nm could be prepared by heat treatment at 75 “C, heat-mixing, and
assisted with high-speed shearing.

Keywords: whey protein isolate; chitosan; composite particles; size; { potential ; microstructure
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