MK EEBHE Modern Food Science and Technology 2023, Vol.39, No.5

R oH 51 TR B EE-RIEST S AEF A0S
BHIBUMER

RELY, MBI, HIRA’, EEE, WHERS, M&E, EERS, EE
(1. JABERFARSARLZERE, T At 524088) (2. 7 AL RUAFHEELE K= B TR, KRt
HARR B ELFRT, JAARTEMIELLRE, J A7 M 510610)

WE: 5k, BARS SO RN IR ZESRAR AR R EZL—, AHOESZEEZHBAENH "R, L+ pH A2
F2NH AT, EXHRT RF pHAEME T EA4EZ® (Mulberry Polyphenols, MP) x+3Li#% %@ (Whey Protein, WP ) 324LH R
T A e Frn., SRE, FRSBHALT AESZONNESE. BEKI Zeta Bz, RFiF, TRGT ARG GEME. 3L
febEfs, f2 pH A 3.0 B 3LE B4 09 FLILER A FnFLALAR M 451 £ 5] 7.23 mPlg prot = 89.56%, 453t MBLA4- 1325 T 2.66%F= 1.21%.
i G ACRAR Gkt Rk % B ILAE R G P ¢ REr R AT R BT, /£ pH 1R 5.0 F= 7.0 S T L9 2RENA-F bk pH 1A 1.0
F230 5. b, REGHRBART, PmEMRSHREG T ILAEZEG DPPH A dAFHRE. ABTS A di i ATREE /)= FRAP i /R A%
#, mEHHAZ] 89.28%. 81.70%4= 530.95 pmol/g prot. 4 LATiE, FIR &G LAY S B Z0F iR TBES TR, RA
REG pHAEXT R EH %0, ASBRBEORGENET AT IRGEIRA . ARINEY AR AR TRAL T #7869 855,

KR FALSE; LEEG; pH; EAUEH

MEHS: 1673-9078(2023)05-164-174 DOI: 10.13982/j. mfst.1673-9078.2023.5.0585

Preparation and Physicochemical Properties of Mulberry
Polyphenol-whey Protein Complex Nutrition Powder under Different

pH Conditions

YUAN Qi*? WANG Xuping®, YANG Huaigu?, CHENG Jingrong?, LIN Yaosheng? ZOU Jinhao®, TANG Daobang?’,
LIU Xueming™**

(1.College of Food Science and Technology, Guangdong Ocean University, Zhanjiang, 524088, China)
(2.Sericultural & Agri-Food Research Institute Guangdong Academy of Agricultural Sciences, Key Laboratory of
Functional Foods, Ministry of Agriculture and Rural Affairs, Guangdong Key Laboratory of Agricultural Products

Processing, Guangzhou 510610, China)

Abstract: In recent years, the interaction between protein and polyphenols has become one of the research hotspots in the field of food. The
combination of protein and polyphenols is affected by many factors, among which the pH value is an important influencing factor. This article
examines the influences of mulberry polyphenols (MP) on the physicochemical and functional properties of whey protein (WP) under different pH
conditions. The results showed that MP changed the color, particle size and Zeta potential of complex protein powder. Meanwhile, the solubility
and emulsifying properties of WP were also improved, and the emulsifying ability and emulsion stability of WP reached 7.23 m%g prot
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and 89.56% at pH 3.0, which increased by 2.66% and 1.21%, respectively, compared with the control group. Quantitative analysis of monomeric

phenolics in MP-WP powder was conducted by HPLC. The contents of bound monomeric phenolic compounds at pH 5.0 and 7.0 were

higherthan those at pH 1.0 and 3.0. In addition, compared with the blank group, the addition of MP increased the DPPH free radical scavenging
rate, ABTS free radical scavenging ability and FRAP reducing ability of WP, reaching the highest values, 89.28%, 81.70% and 530.95 pumol/g

prot, respectively. In summary, the use of animal protein to bind plant polyphenols is a means of innovating functional food components, and the

pH value of the reaction system has an important impact on the binding efficiency, which provides a new idea for the study of the

physicochemical stability of food protein and the in vivo and in vitro bioavailability of nutrients.
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Table 1 Color parameters of whey protein-mulberry polyphenol complexes prepared at different pH values

E L* a* b* AE
WP-pH 1.0 92.73-.38° -0.1840.08° 1.66 43.38° 36.94-4 507
WP-pH 3.0 94.9940.32 -0.4240.01 1.16=0.04% 38.8140.25™
WP-pH 5.0 95.09-40.19" -0.3340.01° 1.0540.03% 38.9340.15°
WP-pH 7.0 94.36:40.10° -0.3240.01° 1.84240.03° 37.8940.15°

WP/MP- pH 1.0 44.85+40,03 3.1840.21° 2.0020.21° 48.99+40,08"
WP/MP- pH 3.0 53.95:0.01 18.8020.20° 2.1140.13° 44.8040.07"
WP/MP- pH 5.0 49.9140.04° 7.2740.14° -0.7540.15% 45.5440,09%
WP/MP- pH 7.0 49.0240.04° 5.1840.23° -1.4340.18° 46.2340.06

E: RRFHATHENLEEE£F (P<005), FTAR.
7R 2 N[E) oH FlEHIFLEEO-RIESENE S4TRAEA Zeta BT
Table 2 Particle size and Zeta potential of whey protein-mulberry polyphenol complexes prepared at different pH values

o A2 Inm PDI Zeta w4z/mV
WP-pH 1.0 271.27+2.68° 0.449.01™ 10.83+.18°
WP-pH 3.0 394.37420.82° 0.4240.03% 23.774.18
WP-pH 5.0 449.7745.16° 0.50=0.06" 5.780.26
WP-pH 7.0 370.6046.77% 0.430.01® -21.334.12¢

WP/MP-pH 1.0 607.93472.89° 0.54:40.01¢ 6.3740.26
WP/MP-pH 3.0 1.379.67459.88° 0.3740.06° 26.630.81°
WP/MP-pH 5.0 1 593.00483.00° 0.750.04° 0.5140.14°
WP/MP-pH 7.0 1553.67-4130.29° 0.5320.04 -19.5341.31°

22 fF pH #&WIIFEE-ZELME &

Wy AL A% Fo Zeta B AR AL

W] DL B IR AR TR ) A O, X
FTF AR S T EERET N EPERE
(PDD A& FRFRL I3 SIFEE, PDI BRI, R
R RRL AR5, RPN A — N E 2
FebRA, Zeta HEALAENS SR 15 T T ) FLGF I
I, AR EE AR E MR O R AR, T TV AR
WL MEE AR, Gk, pH
(B HOAZ A 235 R 1R 20 T e 1

HEIIE WP R WPIMP E&WIHIRAR. 240k
e (PDD Ml Zeta HiA7, VFA T ANA pH (B
TIXE WP BT B R AR AR T EAR IR (3R 2D
SERREH, ROME WP IETRAEANTH pH {25 R ks
BRI, pH A 5.0 &bHIRIAE A 449.77 nm. 22 MP
SePE S WP [FIRiAR R B 1 K (P<<0.05), JUHSZETE pH
{E 5.0 A+, bk R iR (1593.00 nm), i
B B (RS H ), B TR S, ]

168

REZ R A SREE AT, I BE 25 5 T L K (P R o
ARG, PEFE R T KA R 1 S I B A LA
IR FEAR,  4h R AT R ORI 1 55 F A B P
SN T = N0 K EE 917 S g ) il 1] Y s R R (S
SBUE ARSI BOR AR, B g5 e 3sd™
iko BbAh, B 2 WA, WPIMP E&Y)iAT PDIH
RAERFFEEE AL, 76 pH {H 5.0 AR 743 A5
A1, 1724 pH 184 3.0 I, WP/MP E-441t) PDI M 0.50
BN 0.37, /MK PDI OB 13848 BIRLFE S0 AT, Ut
BHTEIL24 N WP 5 MP A HAEH R A ST -

i 2 Al fERRME pH 4T, ASEAAS
FERAT, IXHFETE AR ((NHy) FIRE
(-COOH) KB T4, 7E pH {# 5.0 N4 MP 4b#E
J& WP [ HA7 485 HE (0.51 mVOIK T-4HHEZL(5.78 mV),
SRR, RENEAR SRS TR
£, H pH EESEEARSERA (pD B, 4TIk
FURAT JLTARSE, AR 5 RIHE i i PRk 2
ST, REPRL AR BV R 0085, LRI 5 K
A BRI AR TR B R S 7, R
PRI K45 FARIE TiX— 8. 24 pH {H 7.0



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.5

I, GHRZH WP F1 WPIMP & -S4 B35 9 748,
I3 5IN-21.33 mV F1-19.53 mV, R (38 1H 1 5
TR R B T IE AT R SRS, (HAL
FRIZEHE N TR WP, X2 R S 2 Iy AT LU
HE WP 5K R IT IR B85 T Al 1 i I e,
BRI R R R SR R AR, (615
SRR, AL, 7 pH {E 3.0 41 R, WP/MP
WIS AR B WP K, 2 IR X
R ELAEF 880, X RIF 2 S R A (K3
W, MRS EN, PDIEM T iR kA
SETE S A R —F

23 R pH #&WIIFEE-ZESHME &

MR R
120 - O WP
B WP/MP
< l00r d
j—% 80| be be cd a ab be bc
z
E 60 +
g 40}
=
& 20}
0
1 3 5 7

pH value
E 1 T[E pH FIZHFERO-RESTHE SRR
Fig.1 Solubility of whey protein-mulberry polyphenol
complexes prepared at different pH values
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polyphenol complexes prepared at different pH values
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89.56%. 81.48%. x5 Sui 2RI Feng 2 5t )
gE AL, 7F pH {H 5.0 If WP Fl WP/MP &4
ESI ffK, XTIRERBINTE WP &R S, &H
FRHEF 155, (Rt R s, Fie iy
7 o X T Be 5L/ R AL 38 20 7 oA 2R
-2 B s T R /NG R LR, 5%
REIERIHITK A IS, DRI A b sl ) 8 A B AR
SERIFLREE.

25 FF pH EHEWLFEG-ZFHRSME
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Fig.3 Microstructure of whey protein-mulberry polyphenol
complexes prepared at different pH values

FHliF TS %E (Scanning Electron Microscope,
SEM) 52— FhHI T WLEERE GOV A MR35 0 BV
A R E A 55 2 W9 2 S IFEO S ) b AR .
S ANE] pH B TR TR, 155 WP
WP/MP ({434 7 2R, ikl 3 fos. i 3
AUAEH, X4 WP EIUBTRIMIERIRZE K. R
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W, A MP JEE AR, TEREEY, HHLE
ANF] pH AEZ A R RURLR BN A [FIFE RS 1 TR AR
K/No WPIMP E-5W(E pH (B 1.0 i, B EHMIZEE
P BT T s 75 pH N 3.0 I, T 2I A
HRE PR EARUNIFLER: TLARES MP 5 WP
FHEAEF SR T o F IR 5| AR 77, SR A,
FIARMIRTRUN, BONRaE . 1 pH 18 5.0 F1 7.0 &4 F
RIMABRBIFLIE . ARTEAR L, R
TG BRI R S gk, H R S R AR .
Eb P 3a~3d EHLH, WP 7E pH 1 5.0 BBk 12 %
K, UiBATEEL WP S (4.5) 1), PRI/ T H
e 1, ATRERAERERNGLE, EAGRIHEK
(RIRURL o pH 378 25 25 11 /57 55 L s 2 —FRRRE RE K T HLAR
SEREAEI—Fh 7 P, SEM BT R IR SRAIE S kA%
ZERAT . . ARSI BT AT e R T R 7S
HL AU SR BN BN IRRL, R, X0 FLis A
VER/ Ny F BRI AL — 2 N FANMEA.

26 FF pH EH&EWIAFEG-FREMER

eMERLTR LT REELL

R 3 RIESEF RHET R FTEH LU SINEER
HEE S
Table 3 HPLC analysis of monomeric anthocyanins and
non-anthocyanin phenolic compounds in mulberry polyphenols

A e 4% /(mg/g)
7T 1.3840.03
EFEHE Mk & 1.4340.08
JEILRBR 0.8040.15
Y REFE-3-O-HABE  14.3340.00
feHE N
KEHH-3-0-F54EF  8.8840.00

Bk A LA B S NG & B AP TR, A
SEEN A T R AT RO E & . B AR
R 5 Oy bR ) s T IR, BE T
MP F1 WP-MP FLURIE T 2 AR L & (3R 3). 7E MP
HTWP-MP A1 [E] i 3 1 P 3 L AR AL T 2 —Fol
AT R PEN, HIRGAR-3-0O-HEHEH (C3G).
RIHGHE-B-O-ZEFWHF (C3R). AT (R). M &
(Q) FAJF LA (PA); b MP H1 C3G. C3R. R,
Q f1 PA & EHIN 14.33. 8.88. 1.38. 1.43 Fll
0.80 mg/g. MP HI1E75 Z BT 5 IR E AR,
AR R R S 5 SO oE f — e E 5
X AT BB LG B O BRI A R R P 30 . R 4
R TANE pH A Tl MAEEA-FHEmE
EVI S AL &, 75 pH {E2N 5.0 #1 7.0 2644
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&R A BB EIEE RS ERD, IRgeH
THERGE ) pH E M IR G 5 R A 5

H# 5 I LA, 7E pH {E 0 5.0 f1 7.0 B, B THi A
4N, 75T (15712, 187.91 pglg) AlJE JLASES (21.38.
32.27 wolg) SAGEERANGAEST pHEN 1.0 #
30 WL EE. SR, 16 pHE N 5.0 B, Fr&siam

C3G (158.28 pglg) H1 C3R (240.66 pglg) L pH fE A
1.0+ 3.0 F11 7.0 1y, IX A& R A AR 1o [A) AR & FL R J7E
HER ST RN, SBERBRS TR F /T &
FR -5 2 W A AR 1, TR 155 2 (R
AR Ft, AIGEA-FJEZMEAYREIT
RIREVER A 1 RAF IR

* 4 TE oH EHEHILBEER-RESHMESYTEMMSEERSE

Table 4 Contents of total phenols and total anthocyanins in whey protein mulberry polyphenol complex prepared at different pH values

Sample Total phenolic content/(mg GAE/g)  Total anthocyanin content/(mg C3GE/g)
WP/MP-pH 1.0 4.2440.01° 1.469.01°
WP/MP-pH 3.0 4.1040.01° 1.506.01°
WP/MP-pH 5.0 3.6540.01° 1.3640.00°
WP/MP-pH 7.0 3.35140.01° 1.0840.01°

&5 T[] pH EHIZFHFEEO-RIESHE SR HR L ERZMIFEE ZNSRREEIES T
Table 5 HPL.C analysis of anthocyanins and non-anthocyanins in whey protein mulberry polyphenol complex prepared at different pH values

ot e HBEBAEI(wl0) LA EBAE/(ulg)
WP/MP-pH 1.0 315.28:40.24¢ 75.040.05%
... WP/MP-pH30 251.9520,05° 76.0440.06°
AERARIO-RRRE WP/MP-pH 5.0 237.6420.13° 158.2810.24°
WP/MP-pH 7.0 161.260.23° 105.3746.33°
WP/MP-pH 1.0 374.1340.12° 99.65:40.56%
R R E20L R WP/MP-pH 3.0 331.1810.162 103.5410.46:
WP/MP-pH 5.0 322.5140.12 240.660.14
WP/MP-pH 7.0 227.860.06° 157.860.05°
WP/MP-pH 1.0 195.0849.77° 26.8349.77°
" WP/MP-pH 3.0 236.16212.17° 53.06:12.17°
mT WP/MP-pH 5.0 227.2948.34° 157.1248.34°
WP/MP-pH 7.0 2155142 52° 187.91412.52°
WP/MP-pH1.0 335.56+12.88¢ 271.80412.88°
. WP/MP-pH 3.0 286.42-44.34° 2545244 34°
vl WP/MP-pH 5.0 241.8045.45° 213.96+5.45°
WP/MP-pH 7.0 204.53421.75° 187.53421.75°
WP/MP-pH 1.0 43.3144.42° 18.05:44.42°
WP/MP-pH 3.0 47.7145.87° 18.9045.87°
JRIURER
WP/MP-pH 5.0 45 3524404 21.3844.03%
WP/MP-pH 7.0 45.2746.20° 32.2746.20

i AR TREATHLNLARE 25 (P<0.05).

27 FF pH EHEWLFEG-ZHESHME

e AN AT

PURALTE P S i S A B il o AT SR (Y EE 2
PR, SZ W EB sy (B R, H
B SR E MR CAME A RIFIHUEN
fe B, MR — R BRI R A

A&, MP 5 WP A EAERXT WP BT ALEE
AR, WKl 4 FoR, WPIMP A WHExT 4
WP [FHtEbiE e B2 (P<<0.05). Hir, & 4afir
7R, pH 23540 WP I WPIMP fi 8L, 76 pH A
1.0 A1 pH 11 5.0 I}, WP/MP BBt EAIE T 08 . HE
DURTRE SR T BR/K fif B 1 SRR TE F23 WP 5 FE A,
(pl 45) i, MP 5 WP 454 7158, WPIMP E4&
YIRS R TR R, e — AR 111, 2.56
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Fig.4 Antioxidant properties of whey protein-mulberry
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