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Abstract: The effect of whey protein and its hydrolysates on the in vitro digestibility and physicochemical properties of
potato starch (PS) was investigated by constructing the co-gelatinization system between the PS and whey protein or whey
protein hydrolysates. The results showed that whey protein hydrolysates hydrolyzed by pepsin-pancreatin (WPP) had the
best inhibitory effect on the digestibility of starch. Thereinto, the native PS displayed the highest rapidly digestible starch
(RDS) content (94.54%) and lowest resistant starch (RS) content (3.10%). Lower RDS (67.51%) and higher RS (12.69%)
contents were found for PS-WPP120 complex. The inhibitory effect of whey protein hydrolysates on the swelling and
gelatinization of PS was stronger than that of whey protein. Therefore, the molecular weight of whey protein hydrolysates
had a notable influence on both physicochemical properties and in vitro digestibility. And whey protein or its hydrolysates
strengthened the hydrogen bonding and increased the order degree of PS structure, indicating that the interactions between
PS and whey protein or whey protein hydrolysates could reduce in vitro digestibility of PS.
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pH I 7.0) . #FOrFLIE R KA SR R T
M, BR WP60, JLAYHRATRESINA 1 g BERf ), 4%
LK RN » 43 WIZE 60 min A1 120 min 1G5 15
LIRS, IR K ) ST RV R TE—80 °C VKGR b, 1
BORT M. DL a B E ALY 37 °C /Kish ik
7. FLIEE B E E AREK# 60 min, F-H8ERE /K
f#: 60 min. 120 min B FLIH & K fRAE 55l 44
4 WPP60 1 WPP120.,
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15 2] IR A FE & 43 5l 44 4 PS-WPL, PS-WP60.,
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FF B i 100 H i o 45 2 R 5 4351 4y 45 & D-PS-
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Table 1 Molecular weight of whey protein hydrolysates
A AR (%)
AEXT 53 (Da)
WPI WP60 ‘WPP60 WPP120
>5000 87.11 74.09 1.51 1.82
5000~3000 5.56 4.54 1.36 0.96
3000~2000 5.52 4.50 2.29 1.45
2000~1000 1.09 6.24 8.95 6.83
1000~500 0.19 5.29 18.00 16.52
<500 0.55 5.34 67.90 72.42

SrF /T 500 Da S BRGrF, FH 2L 43
FEHEZ A G 0.55%, Rzt B E AR ARE RS £
WA 5 5.34%, RAZLIE BT iR, 10
Zead B 8 M AL PR S T A R A AL 60 min F
120 min F£5 I Z IK53TF-53 5 5 67.90% Fl 72.42%,
TG LB B E B Z ST
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Table 2  Effects of whey protein hydrolysates on in vitro
digestibility of gelatinized PS

R RDS(%) SDS(%) RS(%)
PS 94.54+0.31° 2.36£0.01¢ 3.10+0.32¢
PS-WPI 70.72+0.14° 19.3240.27* 9.96+0.13°
PS-WP60 70.95+0.10° 19.04+0.39° 10.01+0.28°
PS-WPP60 69.78+0.30° 19.29+0.12% 10.93+0.21°
PS-WPP120 67.51+0.35¢ 19.80+0.44° 12.69+0.09°

TE: [l h BT AR R AR T RER AR 22 R PR 25 (P<0.05); 383 3R4lA].

ZEEMALEIR T T S Ve My i R 25 48, R
T EA R PSR A SE A T TR A, DNITTHE = T 3Eks
PR ffi RDS S f2m 2 94.54% ., Mishra 450"
WFFE & 7R A WAL S FvER ) RDS & & &
90%, 5 H AT E Rl ZLIEE A L H KA
FRWT LA 2 BEAIL T 44 EUE A 9 RDS & &, B
SDS X RS &1 (P<0.05), HH RDS &bl 94.54%
RF%E] 70.95%~67.51%, SDS A& =M 2.36% _ET|
%] 19.04%~19.80%, 1M RS A& = M 3.10% - F 7|
9.96%~12.69%. M5 yEM-2 IR SAH L, Bifb/S
VEBS-ZE F KRR AL B RDS & AL, H SDS HiI
RS &, Hod H ) B 88 HiEACEL Y 8 H Bk
fry LS AEX Te 3%, SECHIEM LR 5Tk -5
FARE S TS AL AR . Lu 2502 $R97 & I AOK AR 14
TKSEH) EL& MR RO EE FA X RO e 9 T A B T8 B
IEEER, SASCEE R 2. RS U KA
P BERG N, WAL S pERY D RDS & i I 25 FRAIG
(P<0.05), SDS } RS & & g in(P<0.05), Ho
B 5 - AL PR 120 min B9 I BRE S X Sh48 5
HALE R iR, oA RDS & &8 67.51%, RS
M 12.69%. XA REH T2 U BK %] o-UE A g
BRGEA A LA SR A RSP
2.3 FEERKBYINDREEMEK NN

WZRK 71 5 S A i a4 e 38 . KRRk BE 1 F
SrF SRR EA O, SIEMTHRBA —E M
Ktk TERTIIRZIKGE J1HRES , TERTH ARtk g5
MYRREIRE] 65 °C W}, RAR AR KK 433t
BOIAL, (B4R EEIR R 75 C I, RIR LA K&
IRF I K (50%) FH- 58 Wi, iX 5 Chen 25U (4
FE—3. X VTREH T R B UE Ry T I PR s Sk A =
(] A S FHEFR M S5 T 4322 (0] AR, AR in ch 4% 8
TEA LA K 45 A BE T A AK F3051

R 1 AT, T R S 04 2 K 5 #0217
ThE g n, AAEAREEEE T, 5 R AR A ek A
Lb, IAZLIE 25 1 N K ke Sl b (X S48 S T E Ry

a a a [JPS
50+ M N N PS-WPI
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40t BX3 PS-WPP60
-~ =1 PS-WPP120
< 3 b
Fa
5 )
b
o
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Fig.1 Effect of whey protein hydrolysates on swelling
power of PS

TE: ARIH/ING FREFRR 25 570 3% (P<0.05); 151 2 A

KT 2RI (P<0.05) . iX 5 Hu 45 Al Sun 457
LS SRAEL. X ATREEH TARABUKME 4T £
R By 2d 550, s T -5 Ve Z WAH B AEF, M)
TERIARZAKD S, o iT B8 T 22 K A S 518 55 TE Mo
24, BELWT LS UE R 1432 HH Al T, DA il LR UE Ry
HIR S BOK ST I HEA, SHRITER KT Ak, FEAH
RIS T, S Te s iR K 01 B35 B8 1 I 7K A 3
BN kSRR (P<0.05), Horp i WU /K S i 2
JBT 7K R A0 X5 A R B g P T o) e i 25 (P<0.05) , FE
95 °C F, MK J1 53 BRI T 31.40% F11 31.23%. iX
T HE T4 R K i 14 2R P B = 3R 2 1 22 K, 3
JIn T R R T R B LA B SR TR R P i S E Y
Horpr, H2e B8R AR /K i 2 LIS 2R K S g ik 7
B AT o83 R 1, H 3 X BER I T AR08 AT i 3
M= (P>0.05), X ] BB T 58 R X IE R O
VEFER T H 28 B 8 LB/ LIE 88 K, 5
A O pE A 00 e B AR T B s 0 LIS AR 1 S HK
i AT LASE 3 RIS TE A 2 T 7 SR KA BT 3 43 1 v
T, ITTREARIER 00T fe e o
24 IEERKEMNDRERHIAMRENZ
FLIE R 1 M HIK St = %t S e A RE Y
SZWAANFR 3 N . S IEM MR IR BE(T,) -
60.67 °C, Z1FIREE (T, )R 72.22 °C, Wifbss (AH) A
10.77 J/g, 5 Liu %P1 gyfror—3% . WINFLIEEH
T HIK 5, o e AR AR5 T e, X IERH
FLs 8 A R IR T e p RS e RS R . B
R o5 28 1 ) A R 1 A Ak TR B b =

# 3 FUEEA KUK YR SR e AP RE AT R R
Table 3 Effects of whey protein and its hydrolysates on
thermal properties of PS

FES T,(°C) T,(C) T.(°C) AH(J/g)
PS 60.67+0.10°  63.73+0.11°  72.22+0.30°  10.77+0.15"
PS-WPI 61.72£0.16°  65.48+0.06" 74.19+0.11°  8.86+0.94"
PS-WP60  61.43+0.15° 65.79+0.03°  75.46£0.30°  9.74+0.07°
PS-WPP60  63.43£0.19° 68.17+£0.04°  76.30+0.47*  8.62+0.07°
PS-WPP120 64.27+0.76" 68.21x0.11° 76.22£0.15*  8.60+£0.12°
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(P<0.05), 5 Loépez-Baron &5 (o8 —2 ., X AT
AE FH T8 P15 B H K A v 1) 53 7K ik R gi 7K 2 ik
P 388 b S B slsi /K AH B ARG R ESE R AU 2 T I,
PATTHI T R R AR

VERBY IS E (AR AT LS B ks = XU
JPEEM IR . NSk 3 TR, TERYANER 1A it S HOK
Ry YNR SRS B A —EES . IIAE
P 5E M FLoR g r= ) )5, BIARJE N 10.77 J/g FEAK 2
8.60~9.74 J/g, iX Al g fH T 88 11 BT S HOK il =1 S5 0
Mok Sy, BRI T TER B K& B8 1 M ikaE T, 3
T IR, VR T AR P as A B R
25 FBEERKEIXNSREEHHCEERS

FLIE ST B R A R HOK T S e i by
PEFZI WL 4,

T 5 A HOK S m] 58 LAAS R J O i £k
TR, BT EA TR BE ST AL S 5eks 4TI
MHEAEFHGESIPY . INAFLIE & A S oK = ))a,
FA IR W2 T8 (P<0.05) . XAl e T A
JB1 R FHOK figt =ty 3 o A S sl B /K A BLAE FH RS AR vE
Bk FRIE Y . TS R B A AR S s HY eS8
R P % B R B 60 min AORE S B = R IR
B BXATRRH /KA P AR R AT IR G B AT i AK,
38 5 R B AR T SR UL )

IAFLE & B M K- )a, SEEIE R T
RS EERRAR, GFRIE(E RN | IS ZEEE . &bk
FhEE ., HPIE R K ST GRS Y I 2 JEE S B
Ko Kong S5 WF5E K& B 3K & H K vl LR
2 (P<0.05) B FKTEM IR LS, SAS ST —2K.

A FAAE T DA S R T R R, RS R A R 55 o
RAR LB LE R E R 22 . BRI, TEMTE SR
PSSR P B K IR SIS, Th R B Uy 1 A
{EREAIS, T B PR 8, X RIATEM T 5K
At B LR K fi ) Z TR FE AR BAE . Hop
PS-WPP120 £ i (1% 58 A8 B A%, 1E BH 88 1 B K i
BT, FR KA -5 DE Ry BOAH BLAE FHERSE, B RE AR
ERR A N FR VAEd G

[l A= (R H R BHTE R A T el 2 . AR TR AR
ELESTETERY, FLIE SR UK AITE R SR R i Ial A=
B 2 BRI (P<0.05) , iX UE A ZLIE 25 7Kg 2oa M
Hil S rERm A R A W RE Ty . SR IUBUKRY) S TE
Aoy SR, B0 ES T e S TRl 1]
YEF 1, NI T 3E8 i R el A0
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Fig.2 Effect of whey protein and its hydrolysates on leaching
ratio of amylose in PS

VENY-FR U5/ 2R A BOK SRR 22 1 LA TE AR
B IR T ORAR A ENY (P<0.05), 3X 5 Chi 45
PSS RAEL o 2% SRR WA (15T S H K ) M AFAE
T LA 8 i) B TE A ATE R IR iR L. X PTRE
VAR T8 i 43T M S S B /KA B E TR i A
KR P/ USRS 0 52 A0, TR 58 T 3E Ky
AL ETER . PR T A HK A e AT AR
HEVERYR Y, ITHAIHRITER B ZAK, X5 2.3 1945 5%
—,
2.7 FABEERKEYIHICEHERH XRD 19520

FLIE R 1 S HIK St = ) SR T A8 e My 2
ZEMIFEMANE 3 N . TR /K 30N 58 4tk
I T 3ER R G AT I, PRI 1 088 e My
A —DELTERIIERT ZLIE 53 B R I AT 2
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Table 4 Effects of whey protein and its hydrolysates on pasting properties of PS

FEh WL (°C) WE{E G (cP) WERFHE (cP) ZERFEEE(cP) HAfEAE (cP) [ A=A (cP)
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Fig.3 XRD patterns of gelatinized samples mixed potato starch
with whey protein and its hydrolysates
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Fig4 FT-IR spectra (A) and deconvoluted spectra (B) of gelatinized samples mixed potato starch

with whey protein and its hydrolysates
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EfE LE D-PS D-PS-WPI D-PS-WP60 D-PS-WPP60 D-PS-WPP120
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