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Effect of Whey Protein Isolate as Complementary Drying Aid of
Maltodextrin on Spray Drying Behavior of Mulberry Juice

SHI Qilong WANG Ruiying ZHAO Ya LIU Yan’ ai
(School of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo 255000, China)

Abstract; Mulberry is rich in polyphenols with characteristics of nutritional qualities and bioactive
phytonutrients. However, the capacity and health benefit potential are limited due to their weak stability
during processing and preservation. Spray drying encapsulation was well-established and widely utilized
for protecting bioactive substances such as polyphenols. However, undesirable phenomena such as
stickiness on the drier chamber wall arose during spray drying of sugar-rich solution such as fruit juice.
Furthermore, powder recovery was decreased owing to stickiness issue during spray drying. Therefore,
effect of different total solid ratios of whey protein isolate ( WPI) and maltodextrin ( MD) in the feed
solution on physical and chemical properties of spray dried mulberry juice powders was investigated. The
results showed that the powder recovery of spray dried mulberry juice powders was significantly increased
when MD in the feed solution was replaced by small amount of WPI. The reason can be attributed to the
high surface activity and excellent film-forming properties of WPI. The moisture content of spray dried
mulberry juice powders was increased with the increase of WPI mass fraction in the feed solution.
However, water activity, bulk density, particle size, water solubility index and glass transition
temperature were decreased with the increase of WPI mass fraction in the feed solution. The
hygroscopicity of mulberry juice powders was not significantly influenced by WPI/MD ratio in the feed
solution. The color parameters of spray dried mulberry juice powders such as L, b and AE were increased
with the increase of WPI mass fraction in the feed solution. Whereas, opposite behavior was observed for
parameter a. The total phenol content and DPPH scavenging capacity of spray dried mulberry juice
powders were decreased with the increase of WPI mass fraction in the feed solution.

Key words: mulberry juice; whey protein isolate; maltodextrin; spray drying; glass transition
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FEVF IR R 400 g, SRR Y ELTE T H) 5T
YRR 10% o ERTT WPL XL MD Sy Bl 57 6 5% 48
T 55 TR SOR B 52 e, HERHE W WPT J5T i 43 5k
(LAEE B Y & it ) JEHIN 0 ~35% o #ERHE W)
o, FRETE MDD 5 WPT TR sy B L3 1

T T 7 R A A RO BE (50 £ 1) C
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Tab.1 Mass fractions of mulberry juice, maltodextrin

and whey protein isolate in feed solution %
LA es FEMW MD WPI
1 65 35.00 0
2 65 34.75 0.25
3 65 34.50 0.50
4 65 34.00 1. 00
5 65 32.50 2.50
6 65 30. 00 5.00
7 65 25.00 10. 00
8 65 15.00 20. 00
9 65 0 35.00
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PRdn W TR B T 25°C P4 7 do Ky K Y I
M PEFE R H R B 100 g 4 5T Fir W UC K 43 1Y) J5
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%% KRISHNAIAH 2" J5 ik We AR e 8, 7K
0.5 g ZEMT 10 mL B E 10 000 1/min B0
10 min, B F3E W 0.5 mL, fl A 2.5 mL 5 K B i 55
TRAT, B8 5 min, LA 2.0 mL 75 o/L B Bl 60 V%
ZEARKE A A 25 mL, 5 A0 H R ICE 2 h, 760 nm T
I RE LG . B A i DLAE 100 g BRSO A B
TR (2Z5) 5 (B :mg/ (100 g) ) .
1.4.10 J5PR A Hi 5L RE
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KH DSC M T,. FRft 5.0 ~10.0 mg FE i,
PLzs BB BEPE S X IR #0300 50 mL/min 5 4 N,
DSC 138 R IR 20 i 3o 4 1 i 48
Y A5 T AR SRy B i 1 B T A T A R B
L5 Sitah

W5 55 TR0 AT 2 Uk, AR BRI A AT 2 IR, 4
RF IR KB + bR 220 43 91R FH SPSS 19.0
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Fig.1 Effect of MD/WPI mass ratio in feed solution on

powder recovery of mulberry juice powders

/MDD it R 65:35, LB EE Y & &), RA
43.17% , 4 15 %) BHANDARI 257" $ H f 5% 3 5 2%
THERIARUE (R, =50% ) o A2, 4 i B h MD
B WPL BRI, R, 3 1 . B, 2 R A T
o MD 3 5 9 0.25 fiy (MD/WPL JiT & Lt 34.75:
0.25) 5 0.5 {5 (MD/WPI [ & [t 34.5:0.5) WPI }t
RIF, R B 2 5 % 51.00% 5 56.63% (P <0.05)

M HERHA W WPT EL B3 & 2. 5% B, R, B 2
B 62.23% (P <0.05), {H &, WPI i & 45
ARSEHE M A 5. 0% ~20.0% I, R4 RE K R FF4L
P HTC R 2= 5 (P >0.05) , HHERHA W MD
AR pk WPT B (SREVTH/MD/WPL i i [t 65:0:
35) ,R, k% 73.04% .
2.2 k=

ARl MD/WPL i L X S E M & KR M 1) 5%
M 2 fim. M il 3.81% ~5.00% ,iX 5
MASTERS ™" $ i 155 %5 T 8 7 i 5 /K 15 i (0 ~
5.0% )W) & . #EE P WPT BT & 7 B0 7 5 T
0.5% Wy, M, B & WPL Lt 5] 34 i 5 £l 55 34 %
(P>0.05) ;4 WPI fitg 05 0. 5% 4/ ZE 1. 0%
B R M B ERNE 4.67% (P <0.05) ;24 WPI
J B Ay Bk SN 2R 35. 0% I, R4S SRRy M 4k 4k
W BT E2ES (P >0.05), MD 5 WPI Xf %
Foby M52 Rl RE S 3 B9 W AE ) (R K fE
J1) A %, WP R fE 71 8 F MD

R2 HEBBEDPAE MD/WPI RELMBETRRKRENSKE KSBEE HERBE MNE BREESKBEERHZE

Tab.2 Effect of MD/WPI mass ratio in feed solution on moisture content ( 3/ ), water activity («,), bulk density

(B,) , particle size (D, ,;), hygroscopicity (# ) and water solubility index (W, ) of mulberry juice powders

MD/WPI it 1 M,/ % a, B,/(g'mL™") D45/ pm H,/(g-(100 g) - W./ %
0:35 5.00 0. 16° 0.239 0. 004" 0.37 £0. 008’ 22.6 +0. 10" 23.72 0. 49° 86. 80 0. 10°
15:20 4.99 £0.24° 0.238 +0.019" 0.40 +0. 003" 27.0 £0.25°* 24.42 +0. 83" 92.34 +1.86¢
25:10 4.98 £0.22° 0.251 0. 007 0.45 £0.007¢ 28.0 +0. 06" 23.70 £0.41° 95.00 =0. 52°
30:5 4.86 £0.26" 0.261 £0. 003" 0.55 0. 005" 30.1 0. 15" 24.09 +0. 28" 94.94 +0. 65
32.5:2.5 4.84 £0.29° 0.265 £0.014* 0.58 £0.007° 34.2 £0.20° 23.95 +0. 68" 95.60 = 1.49"
34:1 4.67 £0.51° 0.261 £0.011° 0.62 +0.003¢ 36.8 +0. 06" 23.96 = 0. 38" 95.78 +0. 98"
34.5:0.5 4.04 £0.07" 0.256 £0.014™ 0.67 +0.011° 39.8 =0.06° 24.07 £0.29° 97.48 1. 14"
34.75:0.25 3.96 £0.23" 0.257 £0. 024" 0.70 =0. 006" 80.2 £2.90" 23.83 +0.51° 97.82 £0.77*
35:0 3.81 +0.05" 0.264 0. 005" 0.72 £0. 002" 87.6 +1.15° 23.90 +0. 94" 99. 06 0. 34"

Y < ) — 9 R NG R R 2 5 (P <0.05) R,
2.3 KHFE

AN MD/ WP J57 4 b X S E B K 036 B e, 1Y
E % 2 iR . a, W K 0.238 ~0.265, X 5k
RS TR RGN o, B A —3 . ] anms 5 T
H BT BE I SR Y @, A 0. 137 ~0.257 21721 24 WPI
FREA$00 ~10.0% .10. 0% ~ 35. 0% A, 4% 4b 3 (]
FEBMN o, KR EEF(P>0.05),
2.4 HREE

AR MD/WPL J5t i beox Sk HEFL % B2 B, 1Y
WK 2 s B, W RN B WPT B 5] 36 fin i
FEAR. >4 WPL 5T & 4» $c iy O 5 m % 35% i, B, i
0.72 ¢/mL &% % 0. 37 g¢/mL(P <0.05) , 3% A] i &
H TR G KR SURH AR BT, WaEiprdk, 5
Foky & K0 WPL LG 3G i3 i, [5) i WP (4 i

MR T MD, BF LIS 0k R > (0 B 45 e I b
WPT L {51 484 010 10 000 3 Al oy oA 00 ) £ K Y L 38
S FUORE ) S 18 2 18] 0 A, 58 A ) 0 4% 1R T )
AR T 7 ARG . MR T RS R E Y
R4 B TS X X B — BB 5E
2.5 fifE

R MD/ WP Xk 3£ b A2 (1 5 00 4 35 2
Fif o RIARBESEERG T WPL H e i iR . 24 WPI
Jit 3% 0 B = 35% if, D, ,, i1 87.6 pm 1B 3Rk
fIRZ 22.6 wm(P <0.05) . X A AEJ2 1 T #E A
(¥ 766 5 i MID L f61) 94 Jon 707 44 K, W 5 T4 3 LS WK
3R 10 S 5 A2 A Y 6 R 00 T A, o O VR B
THRE, S B TS N R R AR g K
SHI %' 5 TONON 2110 73 51l wof e 85 | o] g {7 3 i
17T W% THRATFY 155 TR ML58 .
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2.6 WRIRME

AR MD/WPL 5 6 Fb X SEE Ry R P H, 152
WIS 2 FR . H 6 23.70 ~24.42 ¢/(100 g) ,
HE A B E] JC 5 22 5% (P >0.05) , REKHAK
o W M 3R LA R TR P RE I B
B BETE YR 65% |, TRl R E h & A KR A
A A RE T i R
2.7 KBMREE

ANTF] MD/WPT Jig f L 4T 5% 3 83 /K s M 48 5 W,
MM W3R 2 Fir s o Bl SR W WPT L 3] 3
LW R AR, WKy 86.80% ~99.06% , 4 ik
FRE T WPT i 7r % O B % 1.0% i), W, i
99.06% % WAL & 95.78% ; X4 WPI Jit & 43 %% i
1.0% ¥4 fm & 10.0% I, W, g1 95.78% [ % &
95.00% (P >0.05) ;124 WPL Jfi & 4> K dk se 1 i &
35.0% i, W, i % %K & 86.80% (P < 0.05),
CORTES-ROJAS %" fF 55 e 1, W5 25 1k BT 45 3
R V5 A R 0 32 3 1 8 By R0 (BE A ) i 288 14 52 i, Bk 7K
BV E M EE ) B & THE B B2, CANO-
CHAUCA %1 L MD 5 0y By 5], b 5 3¢ w5t 25 1
LT T o B R A oK R Ae I (W, >
90% ), DU % IR (1 5 (LI & Lk A &
) AR T B R0, 6 Al S W 25 T4, o 45 2] Al

TR fERE 122 (W, <58% ) .
2.8 f@F

AN[a] MD/WPT J5i 5 F %t 5% 5 By €4 5 19 5% i 40
3 PR, WG TR AR b, SRR T R Bl 5 A
RETRMBAROFEAEELW S, REBN L
L BE & HERL S W WPT LG {51 3% o imi 3 . >4 WPI
Ay Ko O B8 35% i, LR 15.95 i 35 4
Jnz 55.87(P <0.05) , H5ZAHR, a {H Pl #ERHE K
o WPT LE 61 4 38 i 3 AR, 2 WPT i 43 2K
By O 34N % 35% ), a {E Y 28. 71 2 A% & 20. 24
(P<0.05) . b8 B K& th WP [ ] 38 fin 2
W #se, 25 WP & 73 80 0 3 n % 5. 0% B, b
i 7.04 BHFEWIMES.44(P <0.05) ;4 WPI
B0 10. 0% 380 % 35.0% B, b {H i 9. 00 &
2N E 12.96 (P <0.05) ;i 24 WPI Jifi & 48 5 1
0~2.5% 0.5% ~5.0% .1.0% ~10.0% 75 {L i,
WPL L i %F b {52 A K (P >0.05), 2% AE
B R WPT B 1] 3% Jonn i 35 >4 WPT BT 4 43
B 0 & 1.0% i, AE {5 iy 14. 31 & 3 B
% 18.36;4kLk 4 e WPL R4 8 % 2.5% ,AE {4
W& RS i (P >0.05) ;1 24 WPT 57 & 73 B4 s &
5.0% ~ 35.0% B}, AE {f T 2 # fin & 24.66 ~
38. 00,

®3 HEMBEPARE MD/WPI RELENREMNBEFSHHZI

Tab.3 Effect of MD/WPI mass ratio in feed solution on color parameters of mulberry juice powders

MD/WPI 5 & 1 L b AE

0:35 55.87 +1.58° 20.24 +1.04' 12.96 +0. 90" 38.00 +1.69*
15:20 53.39 £0.91" 21.85 0. 47 11.12 0. 41" 36.27 0. 88"
25:10 42.91 £1.52°¢ 22.84 £1.13% 9.00 0. 28" 28.03 £1.90°
30:5 36.69 2. 58 24.44 £1.47% 8.44 0. 47 24.66 0. 35"
32.5:2.5 26.91 £1.21° 25.13 £0.77° 8.13 £0. 76 19.14 0. 44°
34:1 21.84 £0. 34" 26.85 £0.75" 7.93 £0.25°" 18.36 +0.22°
34.5:0.5 20.39 £1.19" 27.65 £1.94" 7.76 +0. 88" 15.30 =£1.65"
34.75:0.25 18.19 £0. 255 28.31 £1.45% 7.09 £0.95° 14.38 +0. 35"
35:0 15.95 +0. 67" 28.71 +0. 36" 7.04 £0.85° 14.31 £0. 62"

2.9 EBMEE 10.0% DL} 1% ~20.0% A8 AL iy, WPL Lb f51] % &2

ANTR] MD/ WP T 5t L 6 5% 38 8y 5 9 55 45 1 5%
WA AN 4 FT7R . A By 3 hE Bl HERHA W WPT L 4
ST ARG o R TR P B 43 By MD B WPT
I, SRE R B B 8 5 43 1 O 791 42 mg/ (100 g) &
610. 82 mg/ (100 g) , 4 WPI Jii & 43 % ¢h 0 35 Jm &
2.5% i, B £ H 1 791,42 mg/ (100 g) B EFEILE
727.51 mg/ (100 g) (P <0.05), 4 WPI Ji & 4> %
5% WS 35% I}, By & hE i 718. 49 mg/ (100 ¢) i 3%
FEAILZE 610. 82 mg/ (100 g) (P <0.05), Tfi24 WPI
Tt B E 0 ~ 1% .0.25% ~ 5.0% .0.5% ~

FAHZMAKR(P >0.05) o B2 55 K5 19 5
BHEREWMATROERRNE S, RERE®
Bt WPL EE 451 3 i i 4 AF% 1 J5L D ) B Rt 5% 2 v It 5
TR, B RY TS WPL 454, JE i Rl R 8
oy B Sl B 5
2.10 ERRBHEARE

AN[A] MD/WPT J5t 8 Fe Xt 58 £20y B iy 2% 3 B BE
TIHE AN 4 B o EC,, B BHE W0 WP L
91198 T L2 39 A B I TR R SR EE R BR E i R RE
T3 BEAERH W WPT EE 3% i k55 o 24 WP Jig
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80 0 B4 % 2. 5% i}, EC,, i 0. 83 mg/ml i 3%
BAANZE 0.96 mg/mL(P <0.05), 4 WPI Jii & 43 3k
B 5. 0% ¥ % 35% B} ,EC, f1 1. 04 mg/mL I 3 3
% 1.17 mg/mL(P <0.05) . i WPI i & 43 5 7E
0~1% .0.25% ~2.5% .0.5% ~5.0% .2.5% ~
10.0% .5.0% ~20.0% L) % 20.0% ~35.0% 751k
W, EC,, ¥ 255 (P >0.05)

F4 HBRBEPLE MD/WPL RELLXREW
SBMEESERBHER NN
Tab.4 Effect of MD/WPI mass ratio in feed solution
on total phenols and radical scavenging activity of

mulberry juice powders

MD/WPI [t it L R it/ Few?
(mg - (100 g) ~") (mg-mL™")
0:35 610. 82 +20. 73° 1.17 0. 02*
15:20 676.78 +24.71¢ 1. 11 £0.06*
25:10 703.27 +19. 13 1.06 +0. 04"
30:5 718.49 +42, 25" 1. 04 +0. 05"
32.5:2.5 727.51 21, 52" 0.96 +0. 04"
34:1 735.94 +5. 580 0.94 +0. 08"
34.5:0.5 758.51 +39. 86" 0.94 0. 00"
34.75:0.25 773.31 +18.93* 0.87 0. 01"
35:0 791.42 +11.96° 0.83 +0.05'
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