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Ultrasonic-induced Structural Modification of Whey Protein and Effect
on a-Glucosidase Inhibitory Activity of Fermentation Products

ZHANG Mixia, WANG Zhimin, ZHAO Cuisong, YUAN Xin, MA Chunli’

(College of Food Science, Northeast Agricultural University, Harbin 150030, China)

Abstract: To improve the bioavailability of whey protein hydrolysates, the effects of different ultrasonic power treatments
(100, 200, 300, 400 W) on the structural characteristics of whey protein were investigated, along with their effect on the
degree of hydrolysis, peptide content, and a-glucosidase inhibitory activity of the hydrolysates. The results demonstrated
that moderate ultrasound treatment expanded the whey protein structure. Compared to the untreated sample, at 300 W for
25 min, the intrinsic fluorescence intensity reached its peak, and the average particle size decreased by 62% (P<0.05).
Additionally, surface hydrophobicity and free sulthydryl content increased by 35% and 36%, respectively. Secondary
structure analysis revealed a reduction in a-helix (42%) and f-sheet (20%) content, while f-turn and random coil increased
by 26% and 77% (P<0.05), respectively. Scanning electron microscopy (SEM) further confirmed structural changes,
showed a transition from large, rough-edged sheets to smaller, smooth-edged fragments. Lactiplantibacillus plantarum C11
was used to ferment whey protein after ultrasonic treatment. Compared with non-ultrasonic fermented whey protein, the
degree of hydrolysis, peptide content and a-glucosidase inhibition rate were increased by 26%, 15% and 32% (P<0.05),
respectively. Moderate ultrasonic pretreatment can enhance the o-glucosidase inhibitory activity of whey protein
fermentation products, which provides a new strategy for synergistic preparation of whey protein bioactive peptides.

Key words: ultrasound; whey protein; fermentation; structure; a-glucosidase inhibitory activity

i A EA: 2025-03-18

HEWMHE: ZAH 8 A+A5 44 (LH2024C031) .

{EEBN: KEER (1998-) , %, MEAR A, FIRF #): F 7~ 5aAn T LA, E-mail: zzmmxx02628@163.com.
*EIEEE: AW (1978-) , 4, W, 348, FAF @): F 7 dedn L 42, E-mail: machunli8@163.com,


https://doi.org/10.13386/j.issn1002-0306.2025030249
https://doi.org/10.13386/j.issn1002-0306.2025030249
https://doi.org/10.13386/j.issn1002-0306.2025030249
mailto:zzmmxx02628@163.com
mailto:machunli8@163.com

478 % o

TR, A A XTI EE A S R TR ) o A R R T P ©53 -

PRI 78 50L& B 4™ EE R i B ISR,
T 22 57 3| 4 ) I SR IR it 254 7 70 B AR T U
Tt %1 2045 4=, 52 2HE PR s 52 ) 1) A B0RE ik 2
7.83 42 a- T AETT B —FFELE T AR/ N
Bz 7K Rl BEXT a-(1,4) -BH i SR T4 S 1 oK A
R AR 5 TR A5 250, 5 [ g 5B i)
il o 28 HH T G P AT BH R R R b S T Ak
S, BRI KSEARA, TR TS R
PIEZ L. BRI _ LB a- a0 B iils
P25 %) FEEEALFR BT R IEORE | ARAS S B HE R K A% 5]
FEAE, X2 S R B I IETE, WXk 45 E i iE R
VEFUL, BRI AR SR SR T b -4k 2 ek s s BLRIE
FH/NIBER N S22 8 T T 12 2083 .

FL & AE I A AL B i R IR, HUAFRR
FLMRLH B H AR W) PSR, BRI nT KA il Rl
EA o B 20 B R b i R 45T
BERYZEPIE PRI . (HZLIE 2R I BUS 1) = 4E=s M 4544
Tl 2 H R SCR . BB HARAE S — PP 2 B et
D7k, amad A AN 5 | & 0% Jarif e R b D B BY D38
R, A A RHRFLIE B A EOESHT . B R T
PR 1 R A IR M B S D REA R A ATE
FEPL, X TR P TA I R TR LIS A IS ROk s A
TEPERRPIAR G R e/, PRI AR ST FHAS [RI R 75 1)
SETACPRZLIE &, e bR . AL FRIEBLK
PEEAHICHR AP BT F LIS A A5 4 AR 16 Xl s
JE W ZLIE 8 AT AR e, D2 R B K S B, iR
Fr B o~ B DR T BRI 1 T, R 5T 7 TIA B X
FLIEE U R B K S L 52, SR LI 8 SR
il B2 EPTE P AR A SR
1 MR5E%

1.1 MREEE

FLIE A4 85 4 WPC 80, X il L4 -ar- D - N e 4]
EREE (PNPG) G ma kA AL B F R A
Lactiplantibacillus plantarum C11 AR5 T Zdb40l
KEFSLEG 2 APR I (OPA)  dbatiisadnikplHy
B BRATE] T e IERIRAN(SDS)  RiFtii iR ih
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ARSI mL /) Tris-H &R iR IR G, =ik~ #E
YEIZV 15 min, 76 412 nm P T 2 KGR, HR e
/N= W = R e S =
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Table 1 Dosage of reagents required for determination
of a-glucosidase inhibition rate (mL)
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BERREN S W (PBS) 80 70 60 50
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FERR IR 0 0 20 20
BRI 20 20 20 20
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Fig.1 Effects of ultrasonic power on particle size
of whey protein

i B NG ORI A 7R B35 25 57 (P<0.05), [ 2~
CERNGENGFAGER

AL 1) 2 T HEL A AN S 7 HE AR E e v e S B A
H, 2755 5 AR AR EAR N . FLIHEHER
TT PRS2 S B G, 3K FE 28 PR T 1 B THI 2 B 2
FLPR FE A 7= 14 T HELART, Zeta HLNZZEXHE LA, UdHH
AR EE R T EOR, 8 A TR R AR ERY
R LI B Zeta FUAZAUSEIR ANE] 2 BTN o
A 22 M 7S AL PR FLIE HE Y Zeta HEL AV 268 00 (D



%47 % 5% oY) TR, A A XTI EE A S R TR ) o A R R T P - 55 -
29.4 mV, FIXFREZHAH L, A [R) S0 75 Ab PR A LTS G AR EAE R, BT LART LLE R R AE N IR G0

YRR A L X 2N (P<0.05) o S
T152h 300 W, L 8 FH A9 2R 1 H L8 X HE RO, N
36.1 mVo AT AL X S I a] BE M 7 = A
19 ZS A AN LSO, , A L3 £ SR A 1,
JEA G e Ak, BT 2 O FEL AT A SR B TR B AR R T
R 5 Shen S5 TSR —E, A AL BT
T R R 2 X EE .

HAE I (W)
0 100 200 300 400

(P VERvE OB g = LR VAN AL

Fig.2 Effects of ultrasound power on Zeta of whey protein

22 BENEINIFEEBREHKMERIEM

E.qinj JILZKTQE(H())%*IEI{‘%?%EB?% Bt 7K 7% 2
FOESCEE, AT LS LR 1 43 3% T B 7K B8 5k 1Y) 2 65 1
DL nE 3 R, SRS LML, SRS E
FLIE & ARG/ ME B TH(P<0.05), 5T &
K AR GTFAZ 0 X M R AR, B T ZLEE
MR KME . X5 Yao 2523 (U FsT 45 5 — 3K,
TEAMIFE B B E— 2, DIRSECS P R
7 7K 3 P 4 A S BE] U RUAY 456 &R (P<0.05), 7E
300 W 25 min B ik Bl S5AB A A w1
35%. AR LI I AR 5T PR R AR R AR,
5 7K 3% Sk B 2 T B A S LT D, i B K R R
iK1, Jiang S5 R TR, KA A S Sl R
S R IR AR, R AT KRR, AT as RS
Z 3

40000 1
35000
30000

225000 |

5 20000 1

15000
10000

5000
0 E

P TIR (W)
B3 RS DR FL T R R T K P B 5

Fig.3 Effects of ultrasonic power on surface hydrophobicity

of whey protein
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Fig.4 Effects of ultrasonic power on endogenous fluorescence
spectrum of whey protein
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Fig.8 Effects of ultrasonic power on scanning electron
microscope of whey protein (50 um)
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Fig.9 Effects of ultrasonic pretreatment on the degree
of hydrolysis of whey protein fermentation products

T o U2 TR 2% (P<0.0001) .

kokok sk

5 | sk *

|
1
==

~
1

|
v
a8

K & (mg/mL)
3] (%}
1

—_
1

0 -

LSS TR S 3L Yol
P10 7S TRk OO LG B 1 A I 2 B )
Fig.10 Effects of ultrasonic pretreatment on peptide content
of whey protein fermentation products
E: FE fRER P<0.05; #+*f{3 P<0.001; ****f{3& P<0.0001,
Bl 11 [A].

2.8 BEMAIEXNFLEER LY o- BENEEEEHD
HE M HIFINT

P 11 Sy s A B FLE 85 R ™ o=
PP R0 . S AH L, B
PURGEE PR S5 R B W s 1 R SR A R B )
- R AR B 2R (P<0.05) , #E 7S T BT &
KW EAT B a- AT B, S 41.3%
(P<0.05). HHLLTF—2%lE, FLIEE A LB
T 32%(P<0.05) . MEARINELIEEFABUK AL R

JF, JeRTRIIE TR, BiK IR AT 7E A n fE-E
o= 2T R PR T AR R Y A R i S B, X a-
T 2 0 T AR D S A B o 7 2 W T T T R R
PERS, A AT DA S USROS, BRI K SR
Felin . A EDHT AT A MGOMSS R AR A, 3
SELEF AT AT LSRR BT 22 AR/ AT, B il ]
T PERO DRI 7S LD B S o T A HE T Vs
PR B TR 7T RIS e I fg i S S B L
Yop e MR 1 7 55 L S 53T AR EA R R A 845 |
AL SR RS |2 A

skokok ok

W
(=]
]

skt sk
—_ 1
< 40 - +
=
£ 30 1 T
& T
% 20 -
=
£ 10 -
L
0- L] T

Lo L Sy a ey
P11 e TR B FLIE S A A ) o R A B T
RSBl

Fig.11 Effects of ultrasonic pretreatment on a-glucosidase

inhibition rate of whey protein fermentation products
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