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activity and structure of donkey milk casein, optimize the process parameters of composite treatment, and analyze the
promotion mechanism of ultrasonic pretreatment on the enzymatic hydrolysis process. Methods Using donkey milk
casein as raw material, the ultrasonic parameters (200 W, 20 min, 6 s/6 s intermittency ratio) were optimized by single
factor experiment, the neutral protease and trypsin (the mass ratio was 2:1) were screened, and the enzymatic
hydrolysis conditions were optimized by response surface method (enzyme addition amount 4.86%, 55.28 °C, pH
7.76). The changes of protein molecular weight, secondary structure and functional groups were analyzed by sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and infrared spectroscopy. The antioxidant indexes
such as 1,1-diphenyl-2-picrylhydrazyl (DPPH) scavenging rate were determined. Results Ultrasonic synergistic
enzymatic hydrolysis resulted in antioxidant ability of 69.77% and a 65.3% increase in Fe** reducing capacity, which
was significantly better than that of the single treatment. The structure showed that the a-helix decreased to 26.70%,
the random coil increased to 28.35%, the aromatic amino acids were exposed, the sulthydryl groups were oxidized to
disulfide bonds, and the molecular weight was reduced. The predicted value of the response surface model was in
good agreement with the measured value (R’=0.9937). Conclusion The results of ultrasonic pretreatment
significantly improves the antioxidant activity by destroying the structure of protein micelles and releasing
antioxidant short peptides in synergy with enzymes, which provides a reference process parameter for the production
of high value-added donkey milk antioxidant products, which is helpful to promote the development of donkey milk

industry and improve the economic value of donkey milk.
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1.2 UFE5E% 2 EVERIEME . DH @ AR ()i
Sonics VCX750 i 7 ¢ 0 L e 741X (3E [l Sonics 23 w); e LXCXL L 00% "
FE b 5 &

T HE PHS-25 pH it (8 (L B2 A28 e A B A |D);
UV2700 5£5M0] W43 6008 (H A B A 7)); Eon BAR{L
PowerPac Basic HLIK{X(3£[E BioTek ({54 R/AH]); SQP
KF-CREE 0.01 mg, FELFIIRLHUAAR/AF]); Hitachi
F-4600 S GHEN(H 4% H 3728w o
1.3 RETFE
1.3.1 % & Bk 7% B b a2

BT RIS 8 0.01 mol/L, pH 7.4 (URERER 22 nh
% (phosphate buffered saline, PBS)Fit il it i ¥ & >4 10 mg/mL
BRI, W25 mL T fTbesieh, OB R AR B, 4R
SRR 1 om, BEATRIFT AN, BEFLbT0 A& (5
Sy MR I 200 W, HE A AEFE 20 min, B EEKEL 6 5/6 5.

Wk WA [ E B R A RIRE 4% . BRI
4%, BHIE] 3 b, R R AL FRS BOTA TR, T [ R A
14, TR ARERE pH AR 500 RS 3 h¢E 1), I
#HFRFH 0.1 mol/L NaOH FrufEifs Wi fo B fi# W pH, R4
JK f# & (degree of hydrolysis, DH), DPPH H 3L K1
KN, G 2 A ASCR B Y 2 P . A5 ORI B T e
FELL1:1, 1:20 1:3, 2:1, 3:1 Wi b &, DL DH.
DPPH H Hi 335 bR (14 K/ IN A FE AR 7 1 5 R R L

*1 EOBMARSEFRNT

Table 1 Types and optimal conditions of protease

R RGPS il pH RE R /°C
TR 2R 1 il 8.0~9.0 50~60
rhPE 2 i 6.5~7.5 45~55
A 1.5-2.5 35~45
JBE i 7.5~8.5 45~55
AR it 6.0~7.0 55~65

1.3.2 A& FHBhEfg kW FiX%

UL DH Fif b M4 b, 25 R 3R 1 a4 i
JE 45°C., Bf[A] 3 h, pH 6.5, FHININEE 4% . IKPIVEEE 4%,
KB R A MR 45, 500 55, 60, 65°C; HE] 1,
2.3.4, 5h;pH6.5, 7.0, 7.5, 8.0, 8.5; FFASHIE 1%.
2%. 3%. 4%. 5%; JEVIMREE 2%. 3%. 4%. 5%. 6%,
IS NaOH WY&, 48 DH. /KARZE R 5 I E] 4 &
10 min; R . JEYIHE A E D 15 min; pH., BEAINRAZE
BEERT, ZkWEAR, WE PRI
1.3.3 B&%& %9 DH #E

THE A8 R %) 6 2 UK AR TR, /KR R L R i, i
FH 0.1 mol/L NaOH ¥R S 8T 4 pH JH4& % H AR pH,
i pH JFSERFINE, BPR7ERER) pH BN, 4 pH T
RIS, 3 150 AR N 0.1 mol/L ) NaOH i, % pH &

P V2 NaOH BAFR, L; € 2 NaOH BY¥K EE, mol/L; £
AAR PR E, W 140 T8
1.3.4 BRGRAAMN T
(1) DPPH H H 515 bR EE J) 4307
ZHSCHR[20] A TR RS VEIE 0. 15 9P LIRS B 1 VR L o
7 4 mg/mL, FUL 2.5 mL ERWIRE P, & 8InASSRM
0.2 mmol/L DPPH iF. IRA AR THOEHEENFE 30 min
Ja, BB F7 5000 r/min #4710 min #.0 . BUEIEWAE
517 nm P T I0RE WOGAE AR A K BARRE ML 02 A5 R4,
SEERNXTIRA . %A (Q2)1HE DPPH A H &R R
DPPH H Ehi@%l@%%/%#lf%)xm% )

c

o A Ay T AR SR AL 25 PRI L RO

(2) Fe’ IR J5LRE 140 Mt

SRR 1T VR IE R K T DR S 2 B Al K s
B2 AR (2.0 mg/mL), MEFMFEI 0.5 mL 5%
PRBUR A 1% BT 0.02 mol/L 28 sl & .
KRBT 55 cCIEIRIEE 20 min J5 37 BIVKIBFEIR, A
0.5 mL ¥R 10% 1) =8 LRI AT IR & BUR ST R
1 mL 58 EFKZE( mL#B2K+0.2 mL 0.1% FeCl, %
BOZ NSRS, HEE6 10 minJ&, F 700 nm 40
FEWEAE o FTEBSE A AR A 25 v B . #330(3)
P44 FeP iR Ak

Fe IR AE ST = Ay-An 3)

o A, Tl A 53 BIRFES A L X B2 O

Q&R ETEARII5M

Fe? B HE S, % 2218 % 7%, ¥ 1 mL 93
BEEE FIRE Y, 3.7 mL 258 T/K, 0.1 mL FeCl, ¥ 0.2 mL
FEMP R W A HIMAELE h, RG], IREGEIRIER
R E 20 min, B EEWRT 562 nm AAMEWRSECRE, HEE
FoRAE R Xt BRI T IR L #8504 Fe® B A BE 0

e A (- 100 @

b o 7S T BRI OGRS A, S RE SR OGRS .
Cu™ B A RE M E, 7% T[22 56 )71k, R 4K
KW EEE, ¥ 1 mL WE Sy 2 mmol/L 1) CuSO, K .
1 mL ¥#REEH 10%MNERE 5 20 wL ¥R 0.1% A9 2088
HHATIRA, IRASWAEIA L mL RS IRWR, ReR G
), B THE S min, B EIERAEPR K 632 nm AP E K
JEHE, DAL mL (25 BF RV Xt B 45 A 2 (5) T Cu™
L SEiEVAR
Cu™ # G RES1/%=(1- % )x100% (5)
3
P Ay R aE O BRIROG RS A RE SR RO G .
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(1) Plackett-Burman (5

Plackett-Burman il 3% ¥ % & 12 &, #F M
Design-expert 13 HATIUB AL G5 3t, X A-TRLE (B-A ] |
C-pH. D-BGUR I H E-IRHIR B 5 NIRRT TH LR 2),
LA DPPH [ B BRIy (8, 5 25 B R A A XA
A B 52 o

# 2 Plackett-Burman it E F7KF RAGRIBE

Table 2 Design factor levels and coding values of
Plackett-Burman

S A-EEF B-RYH c D-lETRINE BRI
_pH
KF- °C /h 1% /%
K1) 50 2 7 3.5 3
FED 60 4 8 45 5
() I BECH 5

T BEME B 12 50 2 38 o) 75 2 500 (8] b A T SRy PR e 2k [l
VA, R0 1 bR ECTE R 2R PF T 7Rk e A
SR B G BE T A 50 PR 3R BEA T N4k, LR
AR, RN . pH. BRRINE 3 MR E R
1T I BEME Y 1

(3) M 17 T X 3

Box-Behnken 15 1 —Fh & FH (0 B 187 153105 95120
Tt Plackett-Burman 123 Flf5 BENCH AT (1) B fih b, DI
JZ . pH. BRI AR R, LY (K A% 4 (%) DPPH
A B BR AN A Yy, JET 3 IR 3 KPR, it
B K R E R Jrfi an 2R 3 s o

% 3 Box-Behnken i{3 3= N EHKF

Table 3 Variables and their levels in the
Box-Behnken experiment

% Gt fidh 7K -
-1 0 1
A-RJE/°C 55.0 55.5 56.0
C-pH 7.5 7.9 8.3
D-F AN/ % 4.0 45 5.0

1.3.6 A5 A3 L BRI LB K O WA S R &

BT AL B A 9P LR 8 O 0.01 mol/L, pH 7.4 Y
PBS B R J% N 10mg/mL VA, 7E 25 °CAA4 T4
JidiFE 2 h, B25 mL TREAR RO I A A A
L BN 6 mm, HBFEEEKIE AWM T 1 om)illf 75
AbPE, RS AC PSR BEE R A IR 200 W, A8 A K
Lt 6 5/6s, #EATALHE 20 min, 45 °C/KIEIIPN 3 h, KR
7 A B 9 9P LN B 4 B0 AT TS A A T R B
4% AW, P pH 2 6.5, 45 °C/AKI N 3 he
1.3.7 SDS-PAGE # %

FEFICHR[ 2417 BMEVEREE, 40 uL BEF A 10 pL AE
W R MRS, TE 100 °CIREE FH 5 min, BH1EHE

1750 s B0, B BRI T BAE, AL EAE 20 pl, Marker &
FLEAE 8 pLo HUE 120 V, SRR B POE L R LY
0.5 cm AHEEHIPK . [EIERHE] 20 min, Y2603 h s, FH A
UK TR IR T, T2 BV BT B 450
1.3.8 4§ Eet2rshRiE M

BT SCHR2S T A EREE . K 2 mg ARdh KBr By
VISHRA TGRS, SRR T A4 B R . RA
T I AR MR AR IR 25 1H(25 °C) B BEF T4 14,
BHOEE R IEEGERE 4000~400 cm™!, YEREMHER 4 om ™,
4 64 K. IR B4l KBr A 1E as (Xt B, ZRIUT
SR UGS EEE 1T OMNIC i1 7 21648 A Ab B, 8 12 Peak Fit
VA 12 AR AL BRI TR 1 R R A i
1.3.9 IR

BT SCHR[22] )7 s R, FESL T PBS MBRE
1 mg/mL, B 3 mL #¢ 53T APTRLENCA L@,
PBS 1EJas U6 B, AR FH R AS[E] pH () PBS X
{XEFHEAT IR IE, AR BE R 25 °CL K 190~450 nm
45 0F R XERE S T, B0 E R /A 0.5 nm,
AMA K 1 nm, HE 50 nm/min, 53 LIMNRBOGRES, 1
BRI N 200~450 nm [ PR S 58 AN IBOGIE HET 743 HT
1.3.10 AR R KAESH

FETCHR[251 7%, FEaL S PBS #i B2 0.5 mg/mL.
B3 mL FESINA L, I PBS A 228 vt B &
ZHOE N P 290~450 nm, L P4E 5 nm, K
BIksE 5 nm, FHIEE 1200 nm/min, A K 280 nm,
L 500V, 0 72 AR TR IR 98 K S, R TN
TR EHE AR 1L
1.4 HUBRALIE

i3 Design-Expert 13 #0700 7 R0 50 F1 43
Br, FrAIREGHPEATINAE 3 WK, 455 F AR R 25 251,
{1 P44 IBM SPSS Statistix 26 JE17 5B EE40r, P<0.05 2%
RBE, P>0.05 hEFARE . SR Origin 2022 FA4ERE.

2 HRED

2.1 EEEHImEAERFEIT
211 FAREERSCR M AR
AR ERFSE R, DH 0] 4R A KA W LU A b
FEARPO T BB MR (AR UERR, 1 DPPH [ HH IR FR%
RBRE SRR B 3k . e Bt R Ak B S BE
T, BT IZ RSN AN P TP A AR AL RE A T RS A
el 1 BdEPR, P AEE SR DH 45k
22.83% 1 22.25%, DPPH H M ALiF PR RN L] 5533% 5
51.83%. AR ARAAEPIITEhR- Y R LD &S H(DH<10%,
DPPH H H L& BRE<40%) . L FRFACE SHUEThREN I
TE, FRZGdE T A S IR A TR 2R
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Fig.1 DH and antioxidant activity of single
enzyme hydrolysis

2,12 EABEFRBCR T

TR R, YT O 22 1 14 BIF 5 AT 1 5
i FH Z I A2 WO EA TR, AT LIRS DH, 7 —a
J¥ E AR AT AR R PR A ER . e v v 2 A S A
e A9 2 05 /K fR % A5 11, DH . DPPH A 1 25/ B an gl 2
fise E 2 el IR M, HdaE (S R AR 2:1
S BCT DH A 3% 27.73%, DPPH [ H1 335 R R 5 ik 57.3%,
B E T HAGE B 414 (P<0.05), P, deffrh ks ri
HEEABA N 201 P17 I LR A0 e R

40
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— DPPHH HILIERRZR
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Bt

B2 EAHEEHRN DH Ky

Fig.2 DH and antioxidant activity of
composite enzyme hydrolysis
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3 R4 NN 8 I EREE A DH &P b

FH I 3(a) AT L4 &% ¥, DH 1 DPPH [ Hi 5275 4 2 b 153
ARAL 38 B AT IR B A R ST B —NIEAE(SS °C), & Y
AN AL TSI B YR G B, AT B o 2 1 it A o
PR G PR 0 15 P U R, SRS SR e A K A R AR
FRPER, L DPPH [ Hr L35 R N EEhRE, 55 °C N fefE
it fpe R o

1 &1 3(b) AT %0, DH H1 DPPH [ H 3808 [k 28 it 5 ) ] 4
K, RICTHEIG RIS, 78 3 h ik Rl 78
JNERG 3 h B, O R S AR A PR AR, (5
T AP PR AR S PR AR A A R KO B, O FLUBr

2:1 3:1

(a) (b) mDH © s ;
40 rgmpH 110 o7 407 —ppeuamsgx %0 2 07 —DPPHAMARIE 150 <
— DPPH H HiJEiH R 5 b 5 d a ¢ =
30t a 0% sl R o0 % sl D e o0 &
Z s d b c C o e Az
® o= 20f 40 W 3 20f ¢ d 140 =
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{0 iy Quing
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A i) /h pH
DH
6 = © 40 ™= :
O —ppeupsmE 130 = 401 —ppeHE HIkERE 180 <
d a b 3 . &
01 o (60 o) of e b —t2 ale &
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S e o NS c b d =
= 20} 40 Wz 20t 40
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Fig.3 DH and antioxidant activity of protease hydrolysis under various factors
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A U R B TE PR R IR, E[RHEs) DH 5 DPPH
A BRI . I, L) DPPH [t LRy £ 58
FIWTARUERT, 45 3 h Ay Wl fire 0 L 2 1 A dme A 1)

W& 3(c) i, DH A DPPH H i 335 B 3 b pH T,
ZH e EIHEREE, H7E pH 7.5 AbRIF IS F (. pH
6.5~7.5 B, w2 S AR 1 Y P )3 Ak FE R AR R
o [, DL DPPH H HEIERE N FESHEIT, B pH
7.5 W R R P P 2R 1 e A pHL

K 3(d)FR A, BiE R I 0, DH RBUE e e
Ferkash, 18 3%M k5 R Ml 1 DPPH H oI B FR32 1L
TREEAK, [RIRETE 3% ik 5 KA - X & B L4 DH AL
FALE HA A AR . LA DPPH [ i JE I K% ok
FaAR, TEPE 3% R Wt 90 2L B 11 ) B AR VR It

I 3(e)nl LAE i, HE YR IE W T &, DH F
DPPH [ H 3G BRFIFE 4%35 e KA ARR EE IR L T
(2%~4%) I S EE /R e di Ak, 153 54 B A fb i
PR AR R B, RIS PRE SR A R 1A% TR0, (K i
P A B AN B PR I BR AR A F I R, @i
Hrigts DPPH H HZEENEERE, #HE 4% NEK I FLEE &
P 1 B T R
23 MBI RERS R

2.3.1 Plackett-Burman {5635 i1 fifi i 25 SR

XT3 4 Plackett-Burman {30 11545 KT 7 225
#r, f#iH Lenth J5 1551 Plackett-Burman 256 H %) I & 4L
PO 551 DR 22 A v Ak %0 G IE SRR (D 4) A 2
FEIEI(FE 5)0

TER 4 th, HZ D, 4 Fl C ISR LB LG 2K,
R EN TR BEFRP<0.05), RIEFAINGE , A )5
WA AR A Y S B R 3R, A PR R AP R AU B N

WIS E S bR I BATE, WTLIEREZE D,
AR C R fH, RIS BER TP,

% 4 Plackett-Burman iRIEi& T 545 R
Table 4 Design and results of Plackett-Burman experimental

. DPPH H fi %t
WS 4°C Bh C DI% E/% .
1 60 4 7 45 5 67.16
2 50 4 8 3.5 5 55.63
3 60 2 8 45 3 63.21
4 50 4 7 45 5 62.51
5 50 2 8 3.5 5 54.06
6 50 2 7 45 3 64.96
7 60 2 7 3.5 5 62.50
8 60 4 7 3.5 3 64.10
9 60 4 8 3.5 3 59.34
10 50 4 8 45 3 61.31
11 60 2 8 45 5 63.73

99+

D-filg7s it ©

O 4-1E
o C-pH

TEAL RV A

i

¥

140 210 280 350 420 4.90
SR IEA ML

0 070
R4 AR - TEAS BRI ] (a=0.05)

Fig.4 Semi normal probability effects diagram of standardization
effects (¢=0.05)
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g 23 | DML
llll&
618} C-pH
2 ne.
g 412+
& Aii2.44691
2.06F B
I [I B-iif]
O_- — = I I l = —
1 2 3 9 10 11

7&34*7‘
K5 ARUEALALN 1 SR 4G (0=0.05)

Fig.5 Pareto chart of standardization effects (¢=0.05)

i Plackett-Burman 255 1) {35 P40 H7 W36 5, 1A Y
1) P<0.01, FRHIX— IR 2, B4 [ 9 XS 0L 51k
RERIT. HICHREL R™=0.9621, i ILERIAERRR 96.21%
FHRISEIEAE TR, A 3.79%M 728 5N RE FH AR A i R (e
IEREL R?4=0.9306), CV /N, IR50 14 7] {7 B FORS Al 3
#, CV=1.68%, 1JiH] Plackett-Burman i35 i Al S5
R HE>4.0 A FIPY, G BRE258 h 17.9891 3 % 4L
AT Z e mABLE, RR] R R AN 2K (6) Fin:

Y=48.062+0.3954+0.312B-3.633C+4.9D-0.432E  (6)
232 fbEMESLIR SR

I BENCH: 56 th mH R o) T A1, HE D fwElH &
$h 4.9, RWIHEK D X} DPPH A i BEEBRAHEAIFEmN 7
TFIERON, RPRfAE DR ARG N, DPPH A i BRI BR R 2 |
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% 5 Plackett-Burman iXI&F &, KEREZMDIT . DPPH H %
Table5 F 1 1 d si ifi lvsi f Litgﬁ% D/% A/PC NI
able actors, levels and significance analysis o THBRE%
Plackett-Burman test 1 20 55.0 79 6561
Hei B FHM ¥y F P mEM 2 5.0 55.0 7.9 65.77
TRETE 5 161.92 3238 30.49 0.0003 B 3 4.0 56.0 7.9 65.44
A/°C 1 46.89 4689 44.14  0.0006 W 4 45{8 56.0 7.9 2512
5 ) 55.5 75 5.5
B/h 1 1.1 1.1 1.10  0.3352

! ! — 6 5.0 55.5 75 65.89
c 1 39.60 39.60 3728  0.0009 B3 7 20 555 23 65.83
DI% 1 72.03 72.03  67.81  0.0002 W3 8 5.0 55.5 8.3 65.98
El% 1 2.24 224 211 0.1970 9 4.5 55.0 7.5 65.87
sk 6 6.37 1.06 3049  0.0003 10 4.3 36.0 7.5 66.07
v 11 45 55.0 8.3 66.21
574 11 168.29 3238  44.14  0.0006 D 45 560 23 .08
R*=0.9621 Ripred’=0.8485 CV/%=1.68 13 4.5 55.5 7.9 66.71
R.=0.9306  Ki#EE=17.9891 14 4.5 55.5 79 66.79
N — — 15 45 55.5 79 66.75
AR S5 R ¥(coefficient of variation, CV), 16 45 555 79 5678
17 45 55.5 7.9 66.76

Fradh, C MR R, 4 R R IERY . HILikE D . C.
A 34D ZE Al g TR, iy TR 3 R R R TR
B 20, i FERCANE D, ULk D B, 4,
C. D HEHEWMAR(T)~9)FR:

A =039 80250 463 %)
4.9
3633  8-7
CHE=2x 2222037 8
R 4.9 2 ®
49 45-35
D7z K=7 X =0.5 9
% 4.9 2 ©)

P 4 RHEHRISIERBCE 0.5 °C; C AR HHREG S BRI
pH=0.4; J5£LA5 D K 0.5%.
FRAE A KT 45 T (7)~(9) BET T e BETC B B0 ks, an
%6 PR
172 6 A1, Ab3E 2 (1% DPPH [ 5 Rk B ik
A, BESELURER 2 A i T i Ho 5 o
%z 6 mBEMRHRIEZITRELER

Table 6 Design and results of steepest climbing test

. DPPH H i 4k
R K DI% Al°C R
1 0 4.0 55.0 7.5 59.91
2 0+1A 4.5 55.5 7.9 65.25
3 0+2A 5.0 56.0 8.3 64.53
4 0+3A 5.5 56.5 8.7 60.72
5 0+4A 6.0 57.0 9.1 55.28
6  0+5A 6.5 57.5 9.5 53.74

TE: A Jg— A KB

2.3.3  Box-Behnken i 7% 3056 45 R

PR B BEC I 5, LI B 2 b Pl ST
Box-Behnken i3>, MEFEEERMIE | pH AR 3 AR
YN H 7S, AR YE Box-Behnken BEITHEST. 3 A 3 /KR,
Ll DPPH H HEEERF AN . X3t R R 3R 7.

%7 Box-Behnken i{I&i&it R HLER
Table 7 Design and results of Box-Behnken experimental

W EE AT R Z T RIABLE, B8 IR E T
AT RMAK0)FR:

Y=66.76+0.1650D+0.03134+0.0887C+0.1300DA—
0.0450DC-0.08254C—0.6328D*-0.39034°-0.3102C> (10)

RN 2 /N 0.01, RAUTKR T 0.05, FH %8
UM B2, U BH B 5 ST PR B LA AR, MH R R AL
R*=0.9937, FZIEFRHL R?,4=0.9856 1t HH FT I &5 520 i =
B ELAG v AR S, AR AT UFR AR 98.56% A8k, I FH
T3 00N Tt £ Ak 38U B 1 P AR AR AR . A
FKeHha[UEH, WK DM C, LTI DA, AC ¥k
YA VR, DC WA BRI, kI DY 42 C
YHUEAYER B, B F Al EH, S EEZmEE
FENFY R D>C>4.

% 8 Box-Behnken idi8i& i+ X BRI FE SR

Table 8 Analysis of variance of Box-Behnken experimental
design quadratic model

R ER AWME By F P WY
iRl 34100 9 0.3784  122.60 <0.0001 B3
D 02178 1 02178  70.57 <0.0001 W2
A 0.0078 1 0.0078 2,53 0.1556

C 0.0630 1 0.0630 2042  0.0027 W3
DA 0.0676 1 0.0676 2190  0.0023 W=
DC  0.0081 1 0.0081 262 0.1493

AC  0.0272 1 0.0272 8.82  0.0208
D? 1.6900 1 1.6900  546.19 <0.0001 {3
A? 0.6412 1 0.6412  207.76  <0.0001 .2
> 04053 1 0.4053 13131 <0.0001 W2
ZE 0.0216 7 0.0031

KW 00177 3 0.0059 6.09 0.0567 A&
R*=0.9937 Rprei=0.9155 CV/%=0.0840
R%,4=0.9856 K% E=30.1989
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Fig.7 Scatter plot of residuals to predict the model
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Fig.9 Antioxidant activity of donkey milk casein under different treatment conditions
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Fig.11 Fourier transform infrared spectra of donkey milk casein
under different treatments
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Table 9 Secondary structure content of donkey milk casein
under different treatments

a-BRBEAART  p-YT XS B-REAMIXT O

TR/ % TR/ % TEY% M EY%

VUSRS

CN 28.93+0.33" 26.91£0.21° 17.55+0.37* 26.49+0.64"

U-CN  28.79+0.43* 26.60+0.37° 16.49+0.64® 27.91+1.16°

AEH-CN 28.78+0.33* 27.17+0.22° 16.86+0.38" 28.12+0.51"

UAEH-CN 26.70+0.47° 28.53+0.54* 16.32+£0.36" 28.35+0.71"

T FFIAR NG FRERIR 28 5 2.3 (P<0.05).
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Fig.12 Ultraviolet spectra of casein under different treatments
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