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1.1 RS

RS AR TR SRR (AR) R
(AR) . T e S BRER #M (SDS) .72 M (i £ % % >
90% ) Il (CP) , [ 24 48 Ak 2= 50 A R A W) 5
AN F il (Papain, i 1% 4x10* u/g) , A HE L5 A4
LTI
12 UE5E&E

JREAAR B2 | R B e LA RN | 5 D-160 F-4F
H o WA, KOE 2400 52 50 A0 4% A BR 2 |
CP214 ML F K, B B4 B2 Al 5SB2000
BOR R R, #E HM A PR ] ; UVmini—1280 %
SN, HOAR B A BR 2 A s PHS)-5 T #
pH i1, B HREEALES) s HP-C210 K5 % (6 2243, IR
PP A R ] ;DSC-60 2R HAi AL, H A
B A R ) s Mastersizer 2000 B30 B2 Y, 9%
5 IR SO BN W A8 VR TR, A R A 24 R
BREARAT .,
1.3 EFEMHLER &
1.3.1 FEmTALER RS AR R HEE R R S 5
T, B EE B EES 3 2D iR L
RLA 0T, 2 AR (Z0 FE A6 1 wm) 34 52 Ak Ak B
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1.3.2 IR BEK S IESCER14], I 1E—
FEMEN, BRI . B S R R TS R A
500 mL (i 504 5%), A JNEE [ G IS 0 o
1 x10* Ulg,55 °C 15 & W f% 40 22, 0.5 mol/L
NaOH/F7 B2 R O 455 K fiff i 72 b 4k £ pH=7.020.1,
IKARE 1 b A8 KK A B 1) B AR L K RS R, T
K 15 min K, B4 H)EG AR, Ok T 15 1l i

IR (DH) - 2R F SN-TCA $& %032 0 % 7K it
JEL,

D ()= B
100 (1)
1.3.3  ZERIHRAPIRTE M 100 mL i M
P pH A, A2 R R (19 L 1R R 5 7)) 1R
R WS PERE— E HA] K AR R
30 min, 4 000 r/min &0 15 min, B.OULHE N 11k
B, LIRS a o BER R e R AR R &
EhECR FHER BRI e LA R RO PR R, A
FEmFE (3,5,10,20,30 min) BHE R E (5,10,20,
30,40,50 °C) \5e R U M (0.1,0.2,0.3,0.4,0.5
g-L7") KB pH 18 (5,5.5,6,6.5,7,7.5,8) % i
15 ]

1.3.4 %‘i‘é&%ﬂfﬁﬂ‘”ﬁ AL PR S Y F A
I+, 47 Box—Behnken # 7 A BEHL pH H (A) |
PEFEI ] (B) VB EERIE (C) e RAEU = (D) H
PRI R 2, DAREER S Sy e R A HEA TR AL OFE T2
SR il £ T R BRI, VR T 15 B IR R BT B
1.4 FEFHELMERONE
141 FiEMEARSE  BEERRE LS
Wb A B A SR AR B e, R R R AR
O A AR T A, B 1 g SIE R T 100 mL
AR H 150 v/min 5 R SMF FREEE 1h, HEE
TR E o R A AR AR T AL R R
SR GB/T 5009.5-2016 15
142 EydE R A LA BT 2 0 A6 A i fe
FIUN AR IE R T pH=T B IR 2% vl (0.2
mol PBS) A B LA [A] ¥k 2 () £ W, B 20 mL 25K
1CAE Vo, #E J1 4 FE 25 5 £ (1 500 r/min,3 min) , i
SERJE S R N BT, SRR AR Y, #E
30 min Ji FRRIC SRR R V,, 2L EE ) (foam-
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ing capacity, FC)FIiflif52 & P (foaming stabili-
ty, FS) 70115 N W =

FCz%xlOO% (2)

0

FS=5—2><100% (3)

143 FUet:  FUEMHEITEAM2 % Guo RS 7
B, I Mg AR B B, BOAS [R] MR B I R 9, 25 0 T KA
WSO (V/IV=3:1) 518 G ¥ B JU ik
(18 000 r/min, 1 min) 55 , 37. RF M 75 0 JES 3B W HL 50
pL FLALI A 0.1% SDS %W F: 2 5 mL, SDS %
TAEZS AR F 500 nm A0 Hog 6 A, #E
10min &, 58 FiREAE, UL O min MEWICE A,

Fn FLAL T M (emulsifying activity, EA);ZL{bFR

& PE (emulsifying stability index, ESI)#% T =it
B
_AxAt
ESI= AA, (4)
A Ay 0 min [ EAE ; A—HF ] 22

(10);4,——10 min FYWEAE
144 PASPERE  FREL 3~5 mg £F A B T4
&b, Lhas 8 & o as fn B 258 A Y
(DSC) HEAT I 5 , M 5 2% 1 91 L 40 °C, 2436 110
C, FHRE R 5 C/min, FE 5K 20 mL/min™,
1.4.5 KB BUS AR IREEIR Y 1 min J5 FREFT
HLRE S A e 25 - WOGRL EE AR 43 IO
K, B 1 800 r/min, P 5E A R T Bl 43 IR
N 28, BEAREEATIN S 41, FRAIRES B
M IR U D248 1 A4 ORI v, B A O B AE 10%~
20% 2 8], FF 1 i 5 r BE 43 A AR LR
146 @ SRAEE I HENEEHRN L,
a b H(EPRBIZ R ST E A ERA), LW R
INSEE Ja" RRLLAA (+) Bk (-),b" KR A
(H) B () AE 25 FE 5L G UR T I 5 %68 BEAE
(R T 6ES B 28 Uk ) .22 3% T 0T 5

AE =N/ (AL +(Aa)+(ADY)? (5)
147 RAEMRA 550 4% B8 GB/T 5009.124—
2016 (& A R R M 2 ) X FDEWP,
SDEWP . EH-DDEWP H & FE 2 2 4> E 472347
1.5 Sito

ASHIFFE bR R R 0 B 2 A 3 W R A 4L
PR FH SPSS 25.0 #4748 1, 45 R LUV B {A b5
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Fig.1

2.1.2 ZRBEEILER S5 e 1 T Ak
2.1.2.1 e g T IR 4 P ATIR iR WS
FEERIL R, 1A J7 2250 B W3 2. R Design—
Expert 8.0.6 #4448 4 N & pH {H (A) i $1 B
] (B) EEBEWLE (C) EBERNS & (D) 5 13 2
(V) By Wk 25 [ 5 77 # . Y=93.93+0.374 -0.66B+
1.19€-0.32D+0.554 B-0.031A C-0.454 D-0.39BC +
0.16BD-0.43CD—-0.76A%-0.71B+0.02C>-0.66D",,
e 2 Jy 2= ss R s AR P<0.0001, [

Influence of pH(a), stirring time (b), flocculant amount (¢) and flocculation temperature (d) on desalination rate

VLA TR0 AR 8 3, 2 LT P=0.0854>0.05 , A5 4 2 1)
TR LR 3, iz 1Ay A5 e A i 485 s A
VERSR AL AAE Y 1) 7 B AH O R 2L R?=99.26% |
R*;=98.53% , 3 W] J7 A& 8] )3 2 R 48 -, H e 7 T
B A 98.53% >k HRNH R, ZBAIREWE i FE
e 7 A2 Ak, AT R T B0 28 A R B R Y
ARA, 2% PR 2R T Otk S5 i ) U ) Ry - 2R R I >
PP B[] > 22 588 70 AR 2 >pH A
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* 1 Box-Behnken iRIiZit R &R

Table 1 Box—Behnken experimental design and results
Vi A (pH 14) B(#t# ¥ 18] /min) CURJEIC) D(F&mE/g- L) WL 3k 2 1%
1 0(6) 1(10) 0(30) -1(0.2) 92.50
2 0 -1(3) -1(20) 0(0.3) 92.57
3 0 0(5) -1 1(0.4) 92.08
4 0 0 0 0 95.12
5 0 -1 0 1 92.78
6 0 0 0 0 95.02
7 0 0 1(40) 1 93.85
8 -1(5.5) -1 0 0 92.90
9 0 -1 0 -1 93.62
10 0 1 1 0 94.30
11 0 0 1 -1 95.16
12 0 1 -1 0 92.08
13 0 0 0 0 95.00
14 0 0 -1 -1 92.37
15 1(6.5) 0 1 0 94.48
16 0 0 0 0 95.11
17 1 0 0 1 91.78
18 0 0 0 0 95.21
19 1 -1 0 0 92.75
20 -1 0 0 -1 92.28
21 1 0 -1 0 92.03
22 0 1 0 1 92.10
23 -1 0 -1 0 91.90
24 1 0 0 -1 93.38
25 -1 1 0 0 91.80
26 0 -1 1 0 95.68
27 -1 0 1 0 94.22
28 1 1 0 0 92.43
29 -1 0 0 1 92.49
2 EARBFESW
Table 2 Analysis of variance of regression model
& R F I Fe B oW R ¥ o F1a P 2
BEA 46.25 14 3.30 134.73 < 0.0001 *ok
A-pH 14 0.24 1 0.24 9.95 0.0070 ok
B—¥t 3 B} 19 2.16 1 2.16 87.90 < 0.0001 ok
C-% %7 % 13.67 1 13.67 557.65 < 0.0001 ok
D-% % FifmE 1.00 1 1.00 40.69 < 0.0001 *%
AB 0.14 1 0.14 5.84 0.0299 *
AC 0.0041 1 0.0041 0.17 0.6899
AD 0.82 1 0.82 33.56 < 0.0001 ok
BC 0.11 1 0.11 4.38 0.0551
BD 0.061 1 0.061 2.50 0.1362
cD 0.26 1 0.26 10.62 0.0057 *
A? 14.04 1 14.04 572.63 < 0.0001 ok
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(%% 2)
* F o fm oW B F 1k Pia 2 F B
B 4.86 1 4.86 198.14 < 0.0001 ok
c 1.23 1 1.23 50.26 < 0.0001 ok
D 9.76 1 9.76 398.05 < 0.0001 ok
#E 0.34 14 0.025
K IR 0.31 10 0.031 433 0.0854
MR £ 0.029 4 0.0072
B 46.59 28
Hor 25 W P<0.05;%* 22 5 i ¥ P<0.01,
2122 FHELEKEIFAE @SR Em @R SR E N,

LT = 4EE (B 2), T a B b & e i TRl 22
BRI A3 NI B T i a5 i AE 40 Chb B
W 7 ThT AT 22 T, 3 4S8 HLA R B A 2R
MR N E 3 A8 H A2 R EER E W,  KE
AR L, B d B e £ A IR AR RS BT
Ja T REREH, TS HARE IR IR A T S 4
FE T T F ) R, 45 e 2 P A di R AT T 2 e 4R
W o 25 PR E S LRI 2 T 2 4 S B R
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I FE A X Il 5 5 R SR i A5 31 22 B 1 Fe A T
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min AR TE 0.27 o/L,JBERH K 96.0173%, 454 5
PR o0, W et T 22808 h pH=6, 2L BE il
40 °C B FERTE] 5.5 min AN 0.27 ¢/L, FIH L
WM T2 EE 3 WGHATRUE, 7Y PR R
H 96.18% , X H A5 HIE WIMAE LA AW & %
B A A 5k A B T A2 80 SR e,
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Fig.2 3D response surface of the factors
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221 HEIEMWEELEARSE SEHHT
REEMGHBEWERS, KBS PIFEE B &

hE YT 30% , B R A A SR VR 48 TR
100 g FHIEF & 1.4 ¢ NaCl 2240 TRARIE L, B
fift o B T O I 22 I AR 1 R 1 11 30.15 ¢/100 ¢ ik
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x3 BREBEMHES
Table 3 Composition of each egg white powder

H 5 N KRR EIg (100 g) & @Kk #E /g (100 )~ S 3 F /g (100 g)
S b 14.90 + 0.21° 93.15 + 1.32° 0.40 + 0.05"
B 10.23 +0.29° 63.92 = 1.79° 33.09 + 1.80°
B AR B T 1423 +0.11" - 30.15 + 1.13¢
B L L 35 % 14.33 +0.13" - 1.44 +0.82"

T [ — 308 1 a,b, e KR 25 3% (P<0.05), R,

2 144 ¢/100 g, B EWE B TSR AREINT
96% , 55 BN AR I I = RO AR

222 REIME BRIGEBUERIE By AT A |
JHCEE T A DGR SR TE A 4 R AR R AN, S AR IR
SR I R U b 25 A T B R 5 A 1 R R T R
B TE R ERE WL 3a, REIMRIE T LB
IR B T A M O R B 2, R T R M
BOFEENEA PR TE, B OT DL A i R v
fE , W 55 W A5V A IR 11 i X 2537 4 1 el
A PR HR & 2.09 £ T AR SRS N e SR
AR P RE SR MM B, YRR TR MR R
4 g/100 mL B, fF 25 35 198 PE I8 210% , 10 i i
it 2 3 M AR MR I 295% 3% 5 R I F
€, SCGAR 5 U 0 B R 45 Oy o R E R A ek

- R

§ 320 A R SR

g -
R Z 240 0 B
= A - N Bk
% béo 160| .

g 80|

=

0
FF ity [ e
Concentration/g+ (100 mL)™
(a)

= -

B - afi - R R

It R R SR
% :o 0.4 % =R
5 2 % SEFD
= & v B i
W B 02 g

: .

£ |

e
S

B i O e
Concentration/g+ (100 mL)™!

(c)
B3 EEFWEER

13 3] — 2 45e AR R W T 100%

2 U T 0 TR RS A 1k DL T 3b, Tl A Rl AR
TH B IE R IRTE E et 22, WIRAE /i B R rh
T MR, T 6 25 0 0 R i S R SR T A I 4T
T W S 3 2T AR, 30 min J5 96 7K 45 44 48 fb R
K RaE M4y 53K 5 81.6% F1 88.5% , il fifk Bl 78 T
B S5 M 38 B W A s, HR BRI A TS N
K hn Y H R Y SR A A B T R v M S IR
Fa e MR
223 FALYE B 3¢ A S R FLAGTE PR BE
W EEHR T A AR SRV R 00 LA T R BE A R
JER LA TR, R R R Y 4 ¢/100
ml M 5 S5 V5 R B ER 25 B FL AR T P23 50
0.65 F1 0.62, HR¥ Paulson SE2 HiE , FLAL TG PE

- R R R R
- R I
-

23 S
vz J5 LB

Foam stability/%

R il JOT o W B
Concentration/g+ (100 mL)™
(b)

- R R

w— A I SRR

- R
BRI

w3 R B

AT E
Emulsion stability/%

R it o
Concentration/g+ (100 mL)™
(d)
(a) BABREE (L) REEEFMANEYE () RIALBEEM ()
Fig.3 Foaming ability (a) and foam stability (b) of each egg white powder and emulsifying activity (c)

and emulsion stability (d) of each egg white powder
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SRR E ARG R0 ER B ) B R A A5 A
il B A T IR A, T A A R BT A 1 FLAR TR
PR WAL T 2 A D A

FLAe R v WL 3d, BES TR AL IR
Y H5 LR R 3 K A R T Y B K P | B
K e L b YA ) e e R B A 2 R AR
F b K R A, (L i R R T R LR R AR
B2, v BE & PR O BRI KA Y NaCl, Kt
TR T LR E . BRI Eh FE 0 R 1 3L
fRASE W T ERE S, R TR IR 4
g/100mL I FL AR E 1 5538 392%
224 PEVERE EWEEATERHRS RS W
HAETE U 4 16 11 (61~65 °C) FI R ¥ 25 11 (75~84
°C) WY FRAE N BRI oy P P ot 2k DL IRT 4 2 R
DSC $idi W3 4, ff 235 83 (b)) 5 4> W Wi Ueg ) A
PRI 43 510 63.80,80.39 °C, ik & I K (¢) Bi A~
Wz Wz U 1) RS P L BE 430l R 60.18,76.94 °C, Jii iR
ARV 22 WAL, R RE R SR TS TR AR
1Y NaCl 4 B VR A 15 SAE R A s R W

-0.2-

_0.4k

-0.6~

LTI

Rate of heat flow/mW-mg™
=
=

08 | I 1 I |
60 70 80 90 100

IR
Temperature/C

T o DR R AR ZETE RS o b - BEWS EE R s o RS B W
B4 &ZEiBEHE DSC Lk
Fig.4 DSC curves of egg white powders

NaCl %} 3 F B 45A0A P L™, A #4845 S50 iF
FEH N R T B A B R e IS P R
WA B = , B A7 AE NaCl 2 R0 8
T B PR E M AR I R EE T B () 9 AV 1
G T RS, LRIV N B B
W TG PR AR P IR BE PR E M v

x4 BEFMHDSC HIER
Table 4 DSC analysis results of egg white powder

PEanA AL 458 E/C 2k | & /C M AR 3% /C e g AR g
8% F % 1(bT1) 58.82 68.44 63.80 0.3429
BR FH % 2(bT2) 75.43 86.23 80.39 0.6907
AREFE 1(cT1) 58.55 62.70 60.18 0.1413
R F R 2(cT2) 71.65 80.69 76.94 0.3995
225 RifE # S BREWE . GEEORAAT e
i £ 7B 35 B A% £ (7 Y845 DS 4 3 — g

65.80,51.04 1 25.61 pm, il 1 7 Ki A2 8- 34 i 42 fe
K REAR 43 A5 Y Bl B 9 20.73~82.52 um, D(3,2) il
D(4,3) 2B R 73 A7 B 56, v RE 2R T A
ERNRE AN A (RS-l il L A S WDIR IR AL Al NN
it figt o A W S BRI AR R M, (DR AR o0 A 5
13.19~41.51 pwm, AJ GEAS 56 4= [l fiff 5l 5 il U067 45
) AN [) el A Tl g A A R A0RE /N =, i E o
A YRR R T E MR SE, ATREH T4
TH RIS 270 M L0 5 R ACHE, w1 R
HEIE By AR KN,

226 MESH F 6P EEEE AL, R
W L o 6 JC %24k 0™ (HA BT &,
il J8 6 J FE TR A B T RE A H TR T A B

LN AT
Volume/%
T

0.01 0.1 1 10 100 1000 10000

Granularity/pm
5 BREEMHNESAE
Fig.5 Particle size distribution of egg white powder

A A B AR b A A R T BB R A A
JRUTS S A Y L o (BB SR N b AT P 22 5 T g
JE W T A i B R NaCl 2 —Fh 6k, 5
TR RS T AET BN, UL S
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x5 EBEMMESMERRE(uUm)
Table 5 Results of particle size distribution of egg white powder (pm)

D10 D50 D90 D(3,2) D(4,3)
R 18.07 65.80 173.64 20.73 82.52
SR o 17.69 51.04 91.12 17.36 53.16
Bl f WL 35 R By 6.23 23.61 95.47 13.19 41.51
*k6 EEMHEBESN
Table 6 Chroma analysis of egg white powder
# L : b AE
SR o 93.58 £ 1.27 -2.06 £ 0.34 1.69 £ 0.17 —

BB 94.03 £ 2.09 -1.08 £ 0.47° 1.66 +0.74" 2.23+0.88
Bf 5L 35 % B 93.55 £0.59 -2.02 +0.14° 5.31+0.22° 3.67£0.27°

B LCB O RO T, AT SE L AR R
H, AN RS b 1

227 AEMRHA ot WHEMRAISWET,
HIE R NaCl & B, 2 6 R B B AR, i £k
Je T A ST R A IR o R 3 R R R P A%
AR 5 RO, B R A A
FEMR AR P A H LB N R IR 1Y i e R
TEREAE AT . NG SRR 2H 7 R U, Tl fifp 2T 42 2
JIE R I, R S i I 2H ) 52 W S I I

3 #%it

AW FE AR W o SRk, e R IR 1 e
Fr A AR K ik 2 1) SR T BRI, R e SRAEAE 2L
F K A A 15 2R B AR R T A 30 e £ 2R
TR 70 RS20 I 6 2 p PR 28 R 7 T G Ak, 75
AR TS50 pH=6 ZEERE R 40 C Btk
HFIE] 5.5 min A0 0.27 /L., AbFJS A9 E R &
£ R TE B 33.09 ¢/100 g K 1.44 /100 ¢,
FHREARIRNT 96%, TR 5 ERE
By R TE R VR X L Tl ik 22 T R UK ) 5 2T R L
TR R ST VR B 4 ¢/100 mL B JE B 1 30
TR0 ¥ A Fe e Mk R R 2.95 £%,30
min 57 AT 88%ULIRAFAE . 2R BEJG R il I ik HE AT
JIRBEAR, FLAL IS PR W AR T 8 A 0.62, FLIL AR
SEMERIEHETE 8535 392% ., M DSC AR P 431 Al
BLEE T A B VE B h NaCl (9 77 78 SRR AR VR
P L RE S URL AR KC T 22 A  h S  ER
A PR R AR/, EIE B B o A

xR7 BEMHEEBRSN
Table 7 Amino acid analysis of egg white powders
A B4 F /mg- (100 mg)™!

L RS RS R BEfERLIE SEM R
H B i B #

20 A8 His 1.10 1.20 1.82
%A% Leu 474 6.88 8.81
F R A% e 2.46 3.63 1.88
AR Lys 423 5.98 5.26
% 2B Met 3.88 5.50 7.01
¥ % 4.5 Phe 428 6.40 7.29
# A8 Thr 3.59 5.01 4.62
B A8 Tyr 1.65 2.68 4.87
5 B: Val 4.05 5.85 5.47
7 A Ala 3.00 4.36 3.08
AR Arg 2.74 3.89 2.35
K AR Asp 6.08 8.68 7.47
¥ BA Cys 2.88 3.81 4.62
B 8.8 Glu 7.70 12.04 11.98
H A8 Gly 223 3.14 5.71
T #BR Pro 2.17 3.15 3.38
% B Ser 471 6.61 6.52
¥ Fo 61.23 88.56 92.12

AT 5 SR ot 5 S A 40T T I il
5B, 7T LS B O A O B A R I
P FLAPE | R PR E PR B OV ST Y, R R
e 28 375 M 5 B B4R T IR s T 2 2
%,
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Effect of Enzymatic Flocculation Coupling on the Desalination and Physicochemical Properties
of Salted Egg Whites

Abstract

Li Jingjing,

Cai Weirong”,

Zhu Ying,

Wang Lu

(College of Biological and Food Engineering, Anhui Polytechnic University, Wuhu 241000, Anhui)

In order to evaluate the effects of enzyme—decoupling coupled flocculation treatment on the physicochemical

properties of egg white powder, the egg white powder was obtained from the enzymolysis solution of salted duck egg

white by flocculation desalting and its physicochemical properties were determined. The results showed that the optimal
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process was pH=6, flocculation temperature 40 °C, stirring time 5.5 min, adding 0.27 ¢/I., the salt content of egg white
powder reached 1.44 ¢/100 g, and the desalting rate reached 96%. When the sample concentration was up to 4 g/100
mL, the foaming performance was increased by 2.95 times, the foam stability was 88%, the emulsification activity was
0.62, the emulsification stability was 392, the thermal stability was improved, and the particle size was reduced. The
amino acid ratio of egg white powder was similar to that of fresh duck egg white without obvious color. The results pro-
vided the experimental basis for improving the utilization rate of salted duck egg white, which was conducive to the sub-
sequent product development.

Keywords salted duck egg whites; desalination; flocculation; physicochemical properties



