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FLIE A2 W A BESE 5 4R 3L b 3T i WK
g3, SR WIS A R AR R R P A R AR LA
AN 1.8 14~1.9 42 W AR 2 2907, T 2%,
FLIE B R I T HE AT 3, P ELTE TR A L
WA, T A S (Chemical oxygen demand,
COD)50~102 /L., 495 % & (Biological oxygen
demand, BOD)27~60 /L MUt A 75 22 i b 1 &
F o WA YIRS S 3G FLIE 51k 0 PR )
H 45, O 1 e LI B Ak 1)L, A 7 06 3L
OB LA o INFLIE 02 Hh B 2 R R
HEBUSFNFLE RN, SEFLSEE M 209, F
HEAPTAT 65%1) B-FLIKEH (Beta-lac-
toglobulin, B-LG),25% M a-FLH & H (Alpha-
lactalbumin, a-LA),8% A4 1.7 H & M (Bovine
serum albumin, BSA) DU K/ WGk EH
(Immunoglobulin, Igs). FL %k & A (Lactoferrin,
Lf) . 3L o % A ) 1§ (Lactoperoxidase, Lp) FIHE F
JIk (Glymacropeptide, GMP)%5 i 268 (H i H A 4
FE B TIRE A BURUE SRR,

Y HUE 2K EEM AL T AR, R4
i, BYEEGE WA 19%~2% 0 AR N 5%~8%
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B3 2L ILE, 4L 2B A B R A A
(FAO)INEW 8 Ff R Z A BEW 2 —, h 435
2 B aok BOCRE IR JR P 2 B 4l L B A B, ™ I A
ST, AFE AL H (Cows milk protein
allergy, CMPA)TE I K H & i —Fh el 2 FLE A
SRR RPE I, G IgE A SR AHE IgE A+ 5
1) G B I, A Rl L de i UL 2o ORE N B
Ml 4= BR 1.9%~4.9% 1) 2 LM, 0.6%~2.5% 1 2 i Hif
JLE ,03% 1 5~16 % ) D4 LN 0.5%(1)
AR AT

YRR Ak K A= ) S AS TR B 2 om0 =K
FEI R AR A R AR Ak Oy e TR
BECEE Y el AR A 2L 2R 1 A SRS, R I
Py — R A Ppim Tk #2097 3 K SCEA I i il
S RAE B 0 H I 4R ZURUK ) il & T4
AR Sy BT & 4 BE (Kluyveromyces marxi-
anus ) TEVERG | 2 0% A5 1% 1) 2 I8 2o A vh 2 Ik 9 &
PRSI L S0 IR L o A B T DR LT
A LA B IR R S Al (ACE) I K, it 4h,
T PR W R A B, TR
AEFNYIRAENT, SBOE AR R N R ZURE 3 I E L
A X SRR TR B I SRS R AR A R
IX 3 fy L B R AT RE R IR 5 000 K AT 101.325
MPa, Jy ¥ 3 F PA A 1 o 45 5 B0 1 5 ot i
145 44 e A AR AR
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1 #MEFE

1.1 HRl5Es

L1 Mok SE 5o B s i w217,
] 3K 3 fof 2 0 P P A B L FLTE MR 4 AR
WPC 80, %774 == 15 RIR AL BIA PR F] 50.22 wm
FLUE R, BT R T B (b D) 2 A 8RR A A
5000 u HyiEMNTEE, b R FRHA RA A ;H
REEEA N,N-FILFBERE (dmf) N-28 F
Fe-L-Bg MR- X i A48 i (NBTpNA) (L-#i 2 1R
XoF il 5 R e SRR AR (Lys—pNA ), 75 4% ¥ 42 4]
A RA R ARNE A8 (=3 Umg) , 12 kg
PERHECA PR W) 5 Al 50 25 g 3 A i 2%

1.1.2 YR % ZQLY-300 4R 559540, i
HUB AR A BR A A i TAE S, 78 M g A |
MLS-3750 720 K E#, HAR =7\ #5418
155 T V8 R B 0 AL, Eppendorf 23 7 ; ZYCGF % HL4»
BrBUE 4K HL, TP A RS 7] 5 J-1500-1508
B — {63548, H A JASCO 23w ;SCIENTZ JY92 —
I D B 20 MRy AL, 72 B0 2 A R A PR
N ) IB=5A EIJHEFEAT | H M T 5 A R i A
FRAT

1.2 REHZE

1.2.1 KL Hl#  FBLE & A 0.05 ¢/mL WPC Fl
0.04 ¢/100 mL | 4% (%) % e 15 77 5,108 °C |15 min
KA BE T AL S 1 5 5 8 v 6 AERERE A 1% 0942
P 2 b T & W Ry 75 A B TR IR 30 °C 150
r/min §5 3%, 30 h 5, D v S8 OB 4R AR K B4
B, K & WL 12 000 r/min B0 10 min,
0.22 wm TALUE K g T U, AW A
RISy e S Bl o K 0 VE FH 28 188 K T VR PRI, PRI S
O B E AR T 50 mmol/L. pH 7.5 Tris—HCI 28
W (NS 1 mmol/L Wi 7R BHER ) , vk H 8 7
PERERE (300 W, TAE 55, BB 15 s, 2% 10 min),
4 °C .10 000 r/min F#.L> 10 min, YC4E W5, Br

B 100 mL BTG R B2 15 31 20910 FEE
B0 BR JSU0TE JE I A B R i 16 S B3k 60%
BLF EIE, BUER BT, #meE T H
10 mL 10 mmol/L. pH 6.4 % PBS 28 il ¥ 1% # 60
h, BIAT 43 50 45 21 43 B8 4l 46 5 04 B N | M A0 R G I
W, VR T 152U M N SR & 14
1.2.2 ZR FIBGE M 3 T Ak 2 A
A KRS R P RO R G R 1400 L
1.25%1 % 1% & 11 (7 T 100 mmol/L. pH 7.0 iz
RS2 W) 1 100 WL TG AN M, TR AT IS 37 CI
B/ 60 min, il A 500 wL 10% =% LR (TCA) % 1k
JZ ¥, 10 000 r/min 2.0 10 min, B 100 wL & &
5100 wL 0.1 mol/L. NaOH &%), il % 3% K 440
nm AW, K ERE 3K, 10 mmol/L. pH
6.4 PBS 2% phif 2 AR R AE Ry s 0T B AR
AT 525 FO0 RERE LU B0 B R O BE S 0.1 B
o Al B SO 1 AN B (U)

1.2.3 KT RO ARG PRI 2 43 %R Lys—
pNA F1 NBTpNA 1E 4 Ji& 4 I 52 2 K il 1 4R K il
TWEP Lys—pNA 1 NBTpNA 43517 T 2848 K Fl
N, N——"H JLH i i (DMF) it 1 5% 20 mmol/L JiE 4
VWL, BN AR R SAFR 1 mL, {48 850 pL
100 mmol/L. pH 7.5 Tris—HCl 2& # %% ,50 wL 20
mmol/L JiE Y)W A 100 L JC 40 J B e . 4% 203
IRAYJE 37 CC/Z % 10 min, 2R J5 A 0.5 mL 1 mol/
L HCl Z 1k i, A% 10 000 r/min & .0 10
min , B E DK 410 nm WG W6 i
XJ i H % % (p—Nitroaniline ) b 1 [ £k 46 5575 21 i
S JIT R TROGT i R i 1) 2 AR D A T S5
A3 A BT mol X il 5 2R e Jr i 1) B o e Ry 1
ANBEEG 1P (U)

1.3 FEBMEEEHMRK

1.3.1 BPHESE XM M AN EE
D7, AT LA W7 o S o 6 4k [ B K i i AL 2L TS
EASNES Y Yy g A 00 N i 2 i
30 b P PR 2R ST R A S 2% AR A X T ik S8R 1 5
W, JE i S 290 4 £ 0.2 mL FLIE & I (5%) F1 0.2
mL (1% ) B, HoA 25 S0P B0 8 Ik 1, [ 45
Je 0 B K
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Table 1 Single factor experimental design of enzymatic hydrolysis conditions

%5 A B pH 14 B E/C # 17 /h
1 A P A 7 25 3
2 Pl b3 7 25 3
3 R RINE G B 7 25 3
4 PS4 RINE G B 7 25 3
5 a2 e 79 B 7 25 3
6 P e 7 Bl 7 25 3
7 PP E: A e P B 5 25 3
8 RA e 7 B 9 25 3
9 PP e 7Y Bl 7 15 3
10 a R e P9 Bl 7 35 3
11 R4k xE e 79 B 7 25 0
12 A3 e 79 B 7 25 1
13 VNP e 7 Bl 7 25 5

1.3.2 e by offy T i e AR DR R S Y B il
I+, >k H Design Expert (Version10.0.4.0) ¥ 11 P4
N ZE = A4 41t (Central Composite
DESIGN, CD )i 46 % %€ A~ [7] Wi i 4% 1°F X 7L 5 25 11
SR RS2 R AR R Dy (] SRR R] (X )
PR (Xy) , W10 pH M (X) , T A I (X)) A i
5 L ER DA 0 K i RSO (DA a-LA Fi B-
LG 5T U AR ) B AR 5 i 7 AR A7 0,
ANMHRELE 3K, LL(-1,0, 1) difith, 2% K&K G it

{E AN PR E a2 2 Fron ,CCD IR E BTk 3 fr
NI WL B Sl W= W e WL
WAL, 2R T 31 vk 22 300 X6l ik i 7 8 (B
AR ) A AR OC R I LI

Y =B+ 3 BB+E BB+ BB (1)

2o, Y ———FH000 m (R PR A B
f%i‘mﬁ%ﬂﬁ) ;Bo_ﬁ'ﬁlﬁ ’BL_QU}(Iﬁ?‘%{ ;IBii
il B,—— "I FZ KL,

*2 CCDiRWIZITEEKFERKERD
Table 2 Factor level and coding of CCD experiment

A& K
-1 0 1
8] Bk B 1) (X)) /s 10 15 20
A5 F (X)W 200 300 400
#14 pH 1A (X;5) 5 6 7
B %3 % (X,)/°C 15 20 25
#* 3 CCDitmigit
Table 3 Design of CCD experiment
%5 X, X, X; X, YT X, X, X; X,
1 1 1 1 -1 12 0 1 0 0
2 1 1 -1 -1 13 0 0 -1 0
3 1 -1 1 1 14 0 0 1 0
4 -1 1 -1 1 15 0 0 0 -1
5 1 -1 -1 1 16 0 0 0 1
6 -1 -1 1 -1 17 0 0 0
7 -1 1 1 1 18 0 0 0
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%5 X, X, X; X, Y5 X, X, X5 X,
8 -1 -1 -1 -1 19 0 0 0
9 -1 0 0 0 20
10 1 0 21
11 0 -1
133 4B WIS IR B I BUK RS fE s of .
Rb 3P JF 1 B9 FLTE B CUEE SR I A S 000 U/mL A s =Fr
JNER IS ,37 CF B 30 min J5, R4 Spellman % . T T ===
SSH R 7 35 SR AR AE R (OPA )Yl 5 " 72\
N i , 33k
SRR . Dk L2 BRI (0.1 /L) f bl #y
Gt o 400 WL £5 JLRE 5 A S S 3 mL OPA VA S0
WO IR P IR IR 5 s, MBIV 2 min, L2 3
BT AKNE 28 IR R FH S M4 I B 00 0 = -
i AE 340 nm AL B YEE . OPA F6 %€ LN A E1 BARKENEGE. SEE. ST

OPA 7038 5 1 340 nm W6 B 1) 22 {8 FT X 1 F
Frfi it £ 22 2% 19 & (mg/mL) , H FRRE AR
IKFFERREE
1.3.4  FGHE AR vk e 7= ) Bl AR 0 I S
925 MR o0 3o i 3 2N 5 A o v B-LG DL K a-LA 1Y
i KRR E 1 mg/mL, M B-LG LUK a-
LA 320500 0 A6 A o v 4 o 28, 1 ) 2% &
1.4 HiEAE

BRI ESR 3 K, [/ Excel 2016 ,Origin
95 SPSS Statistics 22 Design Expert 10 o B A
PEAT AL B 5 2K RE O P < 0.05,

2 #RE5iE
21 MR BasMEEERE S

C A7 SCHk 2 B AT LA B o iy e 45 2 1 ) 1) 200
FELPA B4R R BB K iR 2 SR . Foukis I
o v 3 ve S i B2 RE TRO 0288 K554 rh 4tk 17 43
F R 2R 45 ku 1Y fE AN K i B KM-TFO-0288-
AL TEIRTE 10~60 °C .pH 6.00~10.25 78 BBl N A 5
= 15 P . Ramirez—Zavala 2524388 H 4 FL P ) 5
SR LA YRR P i T S T 20k 46 ku 1Y
2 R A K, et pH (R 7.0, AR IRy 45
Co AWFFRME T N oi B o G A B 217 K%
TR0 TF 3 B O B P A A R v 1 R L UK
fitf B ARG PE . S5 1 R D e Y
Ptk 217 M PURLEG A | 2P R IR il

Fig.1 Activities of intracellular and extracellular

protease, aminopeptidase and carboxypeptidase

PE T AL AN BE A B e ml L 2 s 2K
140 7K A 2 L PN il 2R RS 1 AT Ot 26 A R R i £
E— 5%
22 ARBEEZEXMIBFEAKBEENZMN

A oL PR 3R S AT 5 AN () R 25k i A REL T /K
LI AR, g5 R 0L 2, iR 1.2 7T
BN S R LTS B T 2 R LA
SR TR AR B R AR R KRl 3 4
K 5.6 A, HR A kb B AT LR R A I 1 A D
o B T AE R 217 M PN il L 2R K R
Mg gl 5.7 .8 WA, KBEVILG pH{EAE S K4
B E pH (B 7.9 BB AR ) B0k Hiksedl 5,
9 .10 A%, & BEIRE M 15 CHE, A EE 25 °C Al 35
CI g e o, ks gl 5.11.12.13 Al A1,
TE 0~3 h 22 [a) it 2 i f B (0] G4, 26 1 K i 1
BT, 3~5 h Z AR A B3 Rk, AT DLk %
7 (] ST B) R S TR WG pHL (Il A I
SRR B R 2 E— 25 A O S O 1 7 — il SR A
2.3 MMNEERLER

K FH RSM AR Ak B AR 2L 37 28 11 e J e 1 8 7 -
B fife T 2546 0F 2 T XHR G 45 R G i+ 0, R
TR AR B UK # B a-LA DL B-1G 3
B R SR RS ) i T2 2% 1 8 7 i) R 1]
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Experimental group
e AR TEAR ) AR 22 5 2 (P<0.05) . OPA 54 JT1 OPA
TR DR 340 nm WO R 1Y) 22 BT X BT A 4 il 2k 22 R
4 (mg/mL) , T8 & AR IR MR
B2 BEELHRER

Fig.2 Results of single factor experiment

M)A WG pH (| B AR R BE 2 18] 6 &R (X
2~4 , AR I RN SEBRE) o Y.V, Y5 430 i R
T K I B a-LA IR PEREGCR T B-LG L5
R 3R A T, Xy X X5 X 20 01 Dhg 75 ()
W] PR IhR WA pH (E B 5 00 52 bR,

Y, =0.47 -0.0075X, +0.0080X, +0.010X; —
0.022X,-0.038X,X, —0.0025X X; +0.012X X, +
0.016X,X; +0.0096X,X, -0.0065X X, -0.00363X > -
0.0036X2-0.019X2-0.0040X ;> (2)

Y,=6.90+0.49X,+0.53X,+0.59X;+0.61X, +
1.55X X,+0.20X . X5+1.04X X ,—0.77X,X5+0.60X X ,+
0.37X:X,—0.26X *+0.83X ’-3.08X —0.31X 2 (3)

Y;=0.47 -0.0075X, +0.0080X, +0.010X; —
0.022X,-0.038X X, —0.0025X X5 +0.012X X, +
0.016X,X; +0.0096X,X, -0.0065X X, -0.00363X > -
0.0036X,>-0.019X,>-0.0040X ;> (4)
2.3.1 UK N LA BT A R A
K fifk BEAR Y R A E R I 45 R ] (3R 4),
ZB R B 3 (P<0.01) , K 130 (P=0.2510) A i
FRUIBA 590 25 MG 8 R 2000
Xof A5 Ty R S R HEAT TR (R 5), SRR
W i g A AR L5 B A, 3 A T 00 o) 7 B 8 11 JB
KA . TINAE 55 S 2 ) LA 8 B 4 A DG
(FH5C R B R?=0.9523), W] 95.23%iX 56 45 S (1)
SEBRAE SRR FOMAE X, AT 4.77% 028 S5 AN fig

F4 BARKBENEE _RAYLBEERLRE

Table 4 Response surface fitting quadratic coefficient significance test of protein hydrolysis

T E KRR 7 Aa DF ¥ 7 F i PiL > F
AR 1.31x107 14 9.37x10™* 8.56 7.33x10 7
X, 1.13x10™* 1 1.13x10™ 1.03 3.49%x10™!
X, 1.27x10™ 1 1.27x10™ 1.16 3.24x10™
X 1.08x107 1 1.08x107 9.91 1.99x107>*
X, 1.01x107 1 1.01x10° 9.21 2.30x107*
XX, 2.33x10° 1 2.33x107 21.30 3.62x10 7
XX; 5.13x107 1 5.13x10° 46.90 5.19x10™
XXy 2.20x10™ 1 2.20x10™ 2.01 2.06x10™
XoX; 2.13x107 1 2.13x10°? 19.50 4.51x107*
XoXy 1.46x10™* 1 1.46x10™ 1.34 2.91x10™
XXy 3.35x10* 1 3.35x10™ 3.06 1.31x10™"
X2 3.31x10° 1 3.31x10° 30.20 6.02x10™
X7 3.32x107 1 3.32x10° 30.40 6.02x10™"
X3 9.51x10™* 1 9.51x10™* 8.69 2.57x107%*
X7 4.01x107 1 4.01x107 36.60 5.67x10"
& E 6.57x10™ 6 1.09x10™
xR E 3.28x10™ 2 1.64x10™ 2.00 2.51x10™
Yk £ 3.29x10™ 4 8.22x107°

e LR P<0.01,* 3R P<0.05,
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Table 5 Analysis of variance of quadratic model of response

surface experiment for protein hydrolysis degree

EX 3 1h PS4 vk
AR £ 0.010 R? 0.9523
A 0.46 R\ 0.8411
TR &3/ % 2.28 Ryi -2.5979
FMAEFH A 0.050 A B 13.471

POZAE R AR (B IE R R \,2=0.8411) , AR R
(CV=2.28% ) {EL 5 Ik 32 IR 06 45 SR ) Pl S PR v

P AR AR 7 R A T ) R A S PR 5 (3R 4) AT
LR TP AR pH (X)) | BE AR IR (X)X E A
JR K i i LR AR BOUN S 3 (P<0.05) , ¥ 1R pH {1 (X)
ORI PAE/INT 0.05, 350 BA K mE R R B4 i
N7 S 3 T 7 (] B[R] (X)L P )2 (X,) etk
ROV 3 (P ¥R 0.05) 8 7 ] B a] (X))
)R (X)) | TR B (X)) IR PR
F0.05, 156 BH 6T g 1 1 9 il TR0 AN B8 L B P
TR S B A7 Tl P S A TR0 AR pH R | T AR IR R R
{3 Xof I ) 5 P 3 L AR I 7R G B TR S
Bl , 90 06 pH (B 5 Z 8 m#] 7, 1M 15 <C
BTN A 25 °C, KR X 2 BUSE T R R AR Y

OPA 541
OPA index/mg-mL™"!

2 L
i £
& o
9 2 BE
=& ZZ
IS =3
S £
g z
S S
2 46
A [ ERIR )
Intermittent time/s
OPA %t
OPA index/mg-mL"
5 030 T
E E
4 2! . R
£ = B2
- E T = - 0.
oy = ol
o= £ S E0
£ B =
(=} © ey 0.
(S} (=]
’ 6
“
]’71'11;1/ p‘k‘ i\o&\c, 12 14

A [ B ]

Intermittent time/s

& e T e R R (X)) 1Y — Y3 [a] )9 2R %8 (-0.022)
TE 4 AR i 2 B f ok, 28 W AR 56 3 161 Y il
X Wi {5 ) e R, 3 AT R U PR R
P TR TE 2 TR 2 T8 KA

S50 1B) 19 28 T A0ONE AL 2 X i 7 {1 K
JE 7= A S R R () B[] (X)) 5 88 7 TR (X)) |
M5 I (X)) 500G pH AE (X5) 28 A F 6 i g
(L F14 17 T 2500 52 e A 8 2 (P < 0.01) . Gn[&l 3 i
7, FE G VI PN 2 P () ) () 0 7S T R
S D)2 500 06 pH A 1] S AL ARG e B
JK i B S S BN 3 A SR P A R Ak SR B, AR T
TK i ) e BARAIK
232 a-LA Bt P R AR 38 04 o 137 T 06 Ak 3 B 45
B a-LA $Ul PR IR BT R 500 3 MR 06 45
REW (F6), ZM AN B2 (P<0.01), K PLI (P
= 0.2874) A i 2 | SRR 5500 25 S P05 A hy
SR O 22 43 A o A5 Ry AR 1 38 Ik R AT T VR M
(7)), 8 REFW BB A B, &G TW
i 1 {E - LA LI A B AR R 5000 4 5 S
(B[R] HLAT = B A SC 1 (FH 6 R 2L R?=0.9872),
F W 98.729% 1 55 45 S 1) S B A 5 455 78 50 00 %o
N, A 1.28% 1 748 S5 AN BE B2 455 L A B (A IE &
B R\7=0.9574) , 7B 5 RE(CV=6.88% ) HH MR

OPA #8541
OPA index/mg+mL™"

0.23]

C: ¥l pH i
Initial pH value

250 300
B Y%

Power/W

350

400

(b)

OPA %t
OPA index/mg-mL™"

D:

Temperature/C

300

By
Power/W

251
15200

) 19
7 G 17
e’”ﬁe,a/g@
Il"e/z»

(d)
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Fig.3 3D surface plots of interaction effect on proteins hydrolysis degree

W e 4 R AT S M

P AR AR 7 i ) [l ) R B8 S A 5 (3R 6) T
RS PR pH (R (X)) B H IR P {E /)
F0.01, ULBARI b pH X i 7 AR 1) £ 1 i T
RN 8 2 5 B A )R (X)) R PN T
0.01, 15 B 8 75 2y 22 %8 n 1 {1 7 g v 255 1 Bk 3% 5 il
) T ] (X)) B D6 (X)) | A T E (X)
SRR RN AN 1 R 7S () BROE [A) (X)) | T i T
(X ) T 2O A B 2 (P AEYIR T 0.05)

7 ] S 8] (X)) FUER 75 ) %6 (X,) =2 (8]
P (X)) MR pH AE (X5) A EAE X a-LA
PUJEE AR A W 5 35 5 T (P<0.01) , 88 75 i) B st
[B) (X)) R At 30 B (X ) ¥ =LA Bt R M R I AT
ER (P<0.05) . W 4 s, 26050 du B iy, 2
7S )R (] R 7S DR W as pH A | T Ak T R
] e A A BN , o—LA TR B 5 A i
e w5 5 AR LR N, a—LA PTUJEE T

*6 a-LABEMEEREEMEE _XFHEZELE

Table 6 Response surface fitting quadratic coefficient significance test of a—LA antigenicity reduction rate

F E KRR P75 Fo DF ¥ F i P >F
AEA 67.53 14 4.82 33.12 0.0002 **
X, 0.47 1 0.47 3.25 0.1214
X, 0.57 1 0.57 3.90 0.0958
X; 3.50 1 3.50 24.04 0.0027 **
X, 0.74 1 0.74 5.08 0.0652
X xX, 3.86 1 3.86 26.52 0.0021 **
XxX5 0.33 1 0.33 2.24 0.1850
XxXy 1.74 1 1.74 11.95 0.0135 *
XoxX5 4.77 1 4.77 32.77 0.0012 **
XoxXy 0.57 1 0.57 3.95 0.0941
XXy 1.11 1 1.11 7.63 0.0328
X2 0.18 1 0.18 1.23 0.3105
X7 1.75 1 1.75 11.99 0.0134 *
X3 24.26 1 24.26 166.55 0.0000 **
X2 0.25 1 0.25 1.72 0.2372
xE 0.87 6 0.15
& WIR £ 0.41 2 0.20 1.73 0.2874
ik £ 0.47 4 0.12

e UK P<0.01,* U£ P<0.05,
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Table 7 Analysis of variance of quadratic model of response surface experiment for a—LA antigenicity reduction rate

X3 il BH ik
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Fig4 3D surface plots of interaction effect on a—LA antigenicity reduction rate
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Table 8 Response surface fitting quadratic coefficient significance test of B—LG antigenicity reduction rate

7 AR R T Fa DF H 7 F i P >F
B 57.06 14 4.08 28.40 0.0003 **
X, 0.42 1 0.42 2.94 0.1373
X, 0.27 1 0.27 1.87 0.2204
X; 1.73 1 1.73 12.04 0.0133 *
X,y 0.01 1 0.01 0.08 0.7831
XxX, 2.78 1 2.78 19.35 0.0046 **
XixX; 3.90 1 3.90 27.19 0.0020 **
XxX, 0.18 1 0.18 1.29 0.3002
Xox X5 7.85 1 7.85 54.68 0.0003 **
XoxX,y 0.78 1 0.78 545 0.0582
XxX, 3.46 1 3.46 24.11 0.0027 **
X2 3.54 1 3.54 24.68 0.0025 **
X7 0.58 1 0.58 4.05 0.0909
X3 1.05 1 1.05 7.29 0.0356 *
X7 2.29 1 2.29 15.94 0.0072 **
2% 0.86 6 0.14
PEOS S 0.27 2 0.14 0.92 0.4696
Yok £ 0.59 4 0.15

o R P<0.01,* {3 P<0.05,
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Table 9  Analysis of variance of quadratic model %, 38 5 It S Ak 2 1 g ,B-LG B PR ) i
of response surface experiment for B—LG antigenicity %J‘l‘% o

reduction rate 234 ALGEREGE A T 3RS D v v A Y i

s i G 1 B 717 M P i K AR L B 10 R B A A5 A B

a2 0.38 K 09851 {6 75 2 11 AR HE oe—LA B8 W 1 520 B-LG

A 385 Rug 0:9504 70 5 R 3 ) s 0 0 () 78— A

T 5t & %)% 6.47 Rpd 0.1754 . FI Design Expert Ay R e 7

PRESS 47.77 &R 22.196

1) i 1] A A B B a—LA $UJRYE B-LG B sk %
IR e KAE ST 9K 65.56%F1 57.96%1F , % 157 (1)

E?E'I‘E?Eﬁtﬂﬂ“lﬁﬂ (Xl)*ﬂﬁﬁ%%()(z) \ﬁ?ﬁﬁﬂ ﬁfglﬁjgﬁﬁﬂ‘lﬁlﬂﬂ 16 S,ﬁj%j{j 400 W,%ﬂﬁﬁ pH {E
BRI IR (X)) MWD pH A (CXS) B0 pHAE (XD o 6 16, Mk 1 % 18.48 °C. e R4S 9000 4% i
Al 1 2 (X.) 10 0952 BRI AR B-LG SR ey st A7 B A I, 25 S UM () 4 e
RIS (001 I 5 B (et U, 5 2458 o T SR O
Uy BBl PN, YRR 7 [R] s [] R 7S DR Wl aR pH A




20 hoE BN 2% IR 2022 455 2 1)

B-LG HLIUE AT B-LG LI AR
g;LG antigenicity reduction rate/% B-LG antigenicity reduction rate/%

70

v a828

B-LG HU 5k A% 3

B-LG antigenicity reduction rate/%

2
B-LG HUJE M AR %

B-LG antigenicity reduction rate/%

C: ¥4 pH fi
Initial pH value

00
2 12 qg‘\ ! \e 7
%’Veg%‘ : @% x o e 250 300 350 400
vy, NS A [E)ER ] B: Y%
\‘\\e\‘o (a) Intermittent time/s (b) Power/W
B-LG HUETERE AT B-LG HUFRHEREAT

'Bu_LG antigenicity reduction rate/% B-LG antigenicity reduction rate/%
25

ol

o o
s 2

C: ¥t pHAH
Initial pH value
B-LG o JE kA %

B-LG BUIF R AL 3
B-LG antigenicity reduction rate/%
B-LG antigenicity reduction rate/%

16

A (A ERIE ]

300 350 400

B: U
(¢) Intermittent time/s Power/W
B-LG HUIE R AR R B-LG LI AR

B-LG antigenicity reduction rate/% B-LG antigenicity reduction rate/%
25 &

£

~

2
£
: &
QE

&

D. %
Temperature/C

B-LG HUJ5 P B AR 3%
B-LG antigenicity reduction rate/%
B-LG i JF 1 B AR 3
B-LG antigenicity reduction rate/%

750

‘ ‘ "’pé.,a@& -
A TR e G Y C: Wt pH i
Intermittent time/s A Initial pH value
(e) () ?

5 REERIP-LG HTEMEMIRZE N =% i mE
Fig.5 3D surface plots of interaction effect on B-LG antigenicity reduction rate

3 i 18.48 CHI, il a—LA $LJF 1M B-LG HT 51 1 F5
LR 75 F AL BE G PLIE B R AR R Y, Bigy TRRIR BRI 410 65.56%F1 57.96%

e SO E AR BE 217 FLRGE AL FLIE E A £

M 25 1F . 4RI, G B4 B 5 v S ve 6 A P B 2 % X W

Z17 WML N AR, D J5 A BN ) ML B A

B G AU T R K BT L T AR R B [1] MOLLEA C, MARMO L, BOSCO F. Food industry

LR E . S T BRSO PR 2K LS R [M]. Croatia: InTech, 2013 550-570. ‘

(ESLIE SO (1 LA -G b B b [2] ?MITHERS G’W. Whey. and whey proteins —from

?E)H@E'j{jﬁiﬁ%ﬂjﬂ‘}fﬁ-@@ﬁ@%{#,&i‘I‘T [E]% gutter—to—gold [J]. Int Dairy J, 2008, 18(7): 695-

704,
UK COD WA S, KA KR Z I (3] pRAZERES A R, CARVALHO F, RIVAS 1.

pH AL 8 it i L2 W) S, LA B-L.G P A2 Cheese whey management: A review[J]. J Environ
Wihh pH (B 520 2%, 88 7S [A] B I 8] 1 A 2 3R Manage, 2012, 110(18): 48.

B2 BEAE X a-LA B-LG U5 M2 it i 3% | 8 [4] FIOCCHI A, DAHDAH L, ALBARINI M, et al
ok XA T g R SR AR B e S . B () B RS ] Cow’s milk allergy in children and adults[J]. Chem

16 s, H75 I1 R 400 W, ¥ 14 pH 6.16, il it 168 1 Immunol Allergy, 2015, 101: 114-123.



B286 H2M

KB RWE D %8 L B 717 o N AL AL 38 K SLE R G 0 B 21

[5]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

EIGEL W, BUTLER J, ERNSTROM C, et al
Nomenclature of proteins of cow’s milk: Fifth revi-
sion[J]. J Dairy Sci, 1984, 67(8): 1599-1631.
HAUG A, HOSTMARK A T, HARSTAD O M.
Bovine milk in human nutrition—A review[]J]. Lipids
Health Dis, 2007, 6(1): 25.

EGGESB® M, BOTTEN G, HALVORSEN R, et al.
The prevalence of allergy to egg: A population -
based study in young children[]J]. Allergy, 2001, 56
(5): 403-411.

HALMERBAUER G, GARTNER C, SCHIERL M,
et al. Study on the prevention of allergy in children
in Europe (SPACE): Allergic sensitization at 1 year
of age in a controlled trial of allergen avoidance
from birth[J]. Pediatric Allergy Immunology, 2003,
14(1): 10-17.

HELM R M, BURKS A W. Mechanisms of food al-
lergy[J]. Curr Opin Immunol, 2000, 12 (6): 647-
653.

SANZ J O, MARTORELL A A, MICHAVILA A G,
et al. Incidence of IgE -mediated allergy to cow’s
milk proteins in the first year of life[]]. An Esp Pe-
diatr, 2001, 54(6): 536-539.
MEYER R, GROETCH M,

should infants with cow’s milk protein allergy use an

VENTER C. When

amino acid formula? A practical guide [J]. J Allergy
Clin Immunol Pract, 2018, 6(2). 383-399.

HOST A, HALKEN S. Cow’s milk allergy: Where
have we come from and where are we going? []].
Endocr Metab Immune Disord Drug Targets, 2014,
14(1): 2-8.

RAMOS O L, PEREIRA R N, MARTINS A, et al.
Design of whey protein nanostructures for incorpora-
tion and release of nutraceutical compounds in food
[J]. Crit Rev Food Sci Nutr, 2017, 57(7). 1377-
1393.

FELLOWS P J. Food processing technology: Princi-

ples and practice [M]. Chester: Elsevier, 2009:
124-148.
JASIM A, HOSAHALLI S, STEFAN K, et al.

From odors to behaviors in caenorhabditis elegans|J].
Novel Food Processing, 2009, 13: 1-6.
BAMFORTH C W, COOK D J. Food, fermentation,
and micro —organisms [M]. Hoboken: John Wiley &
Sons, 2019. 25-48.

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

26]

EL-MANSI E, BRYCE C F, ALLMAN A R, et al.
Fermentation microbiology and biotechnology[M]. Bo-
ca Raton: CRC Press, 2006: 135-156.

FONSECA G G, HEINZLE E, WITTMANN C, et
al. The yeast
biotechnological potential[J]. 2008, 79(3): 339-354.
LI Y, SADIQ F A, LIU T, et al. Purification and
identification of novel peptides with inhibitory effect

Kluyveromyces marxianus and its

against angiotensin I —converting enzyme and opti-
mization of process conditions in milk fermented
with the yeast Kluyveromyces marxianus|J]. J Funct
Foods, 2015, 16: 278-288.

SHRIVER S K, YANG W W. Thermal and non-
thermal methods for food allergen control[J]. Food
Engineering Reviews, 2011, 3(1). 26-43.
CHARNEY J, TOMARELLI R M. A colorimetric
method for the determination of the proteolytic activ-
ity of duodenal juice[]J]. J Biol Chem, 1947, 171
(2): 501-50s.

DUBEY R, RANI M ]J F P B. Influence of NaCl
salinity on the behaviour of protease, aminopeptidase
and carboxypeptidase in rice seedlings in relation to
salt tolerance[J]. 1990, 17(2). 215-221.
SPELLMAN D, MCEVOY E, O'CUINN G,
Proteinase and exopeptidase hydrolysis of whey pro-
tein: Comparison of the TNBS, OPA and pH stat
methods for quantification of degree of hydrolysis|J].
International Dairy Journal, 2003, 13(6). 447-453.
ORCAJO J, LAVILLA M, MARTINEZ-DE-MARA-

NON I. Specific and sensitive ELISA for measure-

et al.

ment of IgE-binding variations of milk allergen be-
ta—lactoglobulin in processed foods [J]. Analytica
Chimica Acta, 2019, 1052: 163-169.

FOUKIS A, STERGIOU P-Y, THEODOROU L G,
et al. Purification, kinetic characterization and prop-
erties of a novel thermo—tolerant extracellular pro-
tease from Kluyveromyces marxianus 1FO 0288 with
potential biotechnological interes[J]. 2012, 123. 214-
221.

RAMIREZ -ZAVALA B, MERCADO -FLORES Y,
HERNANDEZ -RODRIGUEZ C, et al. Purification
and characterization of a lysine aminopeptidase from

Kluyveromyces marxianus[J]. 2004, 235(2). 369-
375.



22 B E = 2022 455 2 )

g
Eo
4

Reduction of Whey Protein Antigenicity by Intracellular Crude Enzyme Treatment
of Kluyveromyces marxianus 717 Combined with Ultrasound Treatment

Shu Qin, Zhao Wenjun, Liu Siyu, He Guoqing, Chen Qihe”
(Department of Food Science and Nutrition, Zhejiang University, Hangzhou 310058)

Abstract In this study, the pre—treated whey protein by ultrasound was used as the substrate for enzymatic hydrolysis.
OPA and ELISA method were used to analyze the optimal conditions of ultrasonic pretreatment — enzymatic hydrolysis for
whey protein by the crude enzyme of Kluyveromyces marxianus 717, in order to reduce the antigenicity of whey protein
(characterized by the antigenicity of a—LA and B-LG). The results showed that the hydrolysis degree of whey protein
was significantly affected by initial pH value and hydrolysis temperature, and the antigenicity of a-LA and B-LG was
apparently influenced by initial pH value, and the interaction of ultrasonic interval time and ultrasonic power also played
a role in affecting the antigenicity of a—LA and B-LG. The optimal conditions for enzymatic hydrolysis to transform whey
protein by Klwyveromyces marxianus 717 were obtained by response surface method: the reduction rates of a—LA anti-
genicity and B-LG antigenicity were predicted to reach the maximum at the ultrasonic interval time of 16 s, the ultra-
sonic power of 400 W, the initial pH of 6.16 and the enzymatic hydrolysis temperature of 18.48 °C, which were 65.56%
and 57.96%, respectively.

Keywords Kluyveromyces marxianus 7Z17; ultrasound; whey protein; antigenicity



