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Ultra-high Pressure Enzymatic Hydrolysis of
Casein and its Application in Animal Cell Culture
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Abstract ; Yak casein was used as the subsirate,the content of free amino acids was used as evaluation index, six differ-
ent enzymes ,including trypsin, pepsin, papain, neutrase, alcalase and pancreatin, were used to hydrolysis casein under
ultra-high pressure. The optimal process of casein hydrolysis was optimized by single factor analysis and orthogonal ex-
periments. At the same time,the application of hydrolysates in animal cell culture was investigated. The results showed
that pancreatin was more suitable for the hydrolysis of yak casein, the optimal process was as follows : substrate concentra-
tion 15% ,E/S =1:5  hydrolysis pressure 150 MPa,temperature was 45 °C ,pH 7.5 and hydrolyzed for 8 h. Under these
conditions , the content of free amino acids of hydrolysate was determined to be 52. 18% . The hydrolysates did not appear
any toxic to BHK-21 cells when supplemented in the medium,and cells growth well. The study can be served for the fur-

ther exploitation and utilization of the yak casein and the application of protein hydrolysates in animal cell culture.
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HEK YL R i R e oK % 2 5
FERIAG Tl HEE2 B IR, i A0 b i
W W2 NG5 B WAL KR L 10 4R
oK, J H KA PR S J0/ AR L 55 3R L B EN 051
IR TR M AN R Rk L sl P A
R ek R R AN B s

YR H 11:2016-07-04 237 H 191:2016-08-31
LT H 22 M HRHE TR (2014-1-158) ;s @ 42 550 H (Z2YP201
5007) 3 Holt A BHE ] (1504 WKCA094 )
# JIA/EZE Tel :86-013919994913 ; E-mail ; limingsheng@ xbmu. edu. cn

FAEYEARGE T, BEAELAR PR AR
YERR B E A K PTG 2 i 1) E 2ok, I,
T 2 1A — o i ) B K A AR . AR
FHEIR T HN KNS [F], HAE A PR N sl ik A B
BRI A 20 T RS RE L BUER BT E FTE BR A
P | 3 50 2 W 045 A PRI RE R ST . AT
VE R &5 1 B85 1i% ik ( Casein phosphopeptides , CPPs ) |
1145 ' 5k & 5% {L i ( Angiotensin converting enzyme ,
ACE) 4145 Bk . Pt 28 4k Ik ( antioxidant peptide ) £ 7K i
¥#L# 1 ( Lactoalbumin hydrolysate , LH ) 584 ¥ 1& PE Jik



Vol. 28

A BAR < T A 2 11 ARG A S M 2 B 5 o A B2 1881

Al FR, A2 W0HoR U H A 2 K )
R MR 1K A5 (OB i LA
PEBE LI IR RE S 7K 7 W B0 K M B2 A L 10 %
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1.1 #R5NEE

Pi% 2 11 (casein) 1 H H T A= Y HR A BR A
A5 R 1 (trypsin) 1 [ 22 M EH R A A AR
73] 5 JEE ( pancreatin) F1 5 25 11 ( pepsin) 1 {
PRI A=Wy il 245 47 BR 23 W) 5 AR IR 1 ( papain ) 11
H T T RIS A R A FRA W] 5 Ak 2R A (neu-
trase ) W4 [ 1 7 DE 1A= 9 TR RN 71 5 B v 2 11
(alcalase) FH /44 s 40 i T 72 oL 448t s KA 2L
H W H Hyclone 23 7] ; AU V4 B 40 ] ( BHK-
21) th H 4 sh P an i T A e 44k s MEM #5553
W 22N B RAY B ARA BRA 6 5 8 A A s e A
22N RO T AR A B A WD B A % v i A =
P F H A< Wako /A w5 PF R4 5% i H H
A Wako A H]; Hg A3 bl
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CKX41 # {8] & A ¥ 5 1% %%, OLYMPUS ; Multiskan
XK3 fifEtRIY , Theromo
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1.2.1 Bk ey ihit

B AR A, HR R SR L] (E/S, w/
w) 125 B LA, 43 S A B 8 B AR IR 1B
JHREE I L R PR SR A R TR A A AR
HLRA N AR A4 I 2R 1 — e I E] S, 85 C K K
76 15 min, % H 5 T 3800 rpm 4514 T 550> 20
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Table 1 The optimal reaction conditions of enzyme

e s "
Enzyme Temperature ( °C)
Bl 2R Al Alcalase 55 8.0
A JRZE 1/ Papain 40 7.0
T2 11 Neutrase 50 7.0
1% 14 % Trypsin 37 8.0
S 2 M Pepsin 37 2.0
JBE i Pancreatin 45 7.5

1.2.2 #REEE
1.2.2.1  JEYIRIE X R IETR & 5 (150

TR e S A 1 2 L R v /S S 155 K B
[6]24 4 h, & J7 120 MPa,pH 7.5, 1R K 45 °C 4K
Yk BE M E R T. 5% 10% 12, 5% 15% |
20% o P EEIR IR X S LR F AR
1.2.2.2 JKff )0 2 B R 2 it 1 52 M)

e v TR il I A AR R IR R 15%
E/S J 1:5 /Kf#IHRI A 4 h,pH 7.5, JREE H 45 °C,
B K 53 5 i & R 60,90 120, 150 A1 180
MPa, % %< K fifg He 0 22 HE IR & 1 15200
1.2.2.3 KA BE X 2 BE IR 5 5 i 5

7 1 RS I e 1% B L AR v IR R 15%
E/S Jg 1:5 Kf#EfE 4 4 h, 77 150 MPa,pH 7.5,
P A SIRLE 43 AL B R 40 (45 .50 .55 Fi1 60 °C 5%
IR fifp R R A R 1 1 S
1.2.2.4 /K% pH W LW &8 15

e e T il e I A AR R IR R 15%
E/S J 1:5 /KAt K 4 h, 7 150 MPa, & i K
45 °C W47k % pH 438 4 6.5.7.0.7.5 8.0 Fl
8.5, B EL/K i pH X ELIR & =R
1.2.3 ERFEIEIT

FR 4 PR 22 S A5 Hh B 45 R BB A S i K
SRFH Lo (3%) 1 38 S5 96 Ty 08 1 S G 1% 5 11 110 e
T ZBH BT Ly (3Y) I FE KPR I 2,
1.2.4 # &AL a0 2

B = H T ik 1 26 1172 40 100 mg 5 i &8 100
mL Zfifb Kb, 1T 5% B =58 £ IRV ORI Tk B
B8 2 45,8000 rpm Z5.0> 15 min f5F, 5% H 1-8900 #
2 H BN R 3 A AR I L 3 T B i R A R
[E B 2L Hyclone 7K fiff- 2L 85 11 A X HE
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Table 2 Factors and levels of L, (3*) orthogonal test

K 2 Factors

K (A) e g

N
pevels e e M) e (D)pi
1 12.5 90 40 7.0
2 15.0 120 45 7.5
3 17.5 150 50 8.0
1.2.5 R AE N M 1.2.6 Z#pae

FEA 0.25 % s 8 F KA 7 1) 5Ll 1 97 5k
(45% MEM ,45% KX G, 10% FBS) 15 3% BHK-21 4
o [A]FLL MEM K530 25 U240, &5 47 0. 25% Hy-
clone 7K fFZLIE A9 LA 3% 37 2L X HE4H

MG 7% A 3-(4, 5-dimehyl-thiazol-2-yl) 2,
5-diphenyltetrazoium bromide ( MTT) 3" #4740 #7,
BRI A5 BHK-21 20107 A )= i 20 B,
FEHR 1 x 10° 4~/ mL A 3R 100 pL 5 96 FLAR
37 CH:FR 24 h J, FF 40 M35 R M o &R
0. 25% 1 0. 5% ik £ 1 B A 7 ) 1) 2447 9 (48, 5%
MEM ,48. 5% FX Gk ,3% FBS)37 C 1535 48 h, H1L
HIA 25 wL MTT %% (5 mg/mL, Bl 0. 5% MTT) , 4
SRR TR 4 ho NOIRESLNIEFRMA L5 5R. AL
P 125 Wl ZHIESER(DMSO) | & 45 IR T Ik d ik
¥ 10 min, G145 5 5800 TS ko TR IR SR 5 A6 DAY
490 nm b A& FLIAIROGIE . [N L MEM 35 33 4k
NEEHH . FA 0.25% Hyclone K7L H B L]

TR B AR RE A
x3

R SR AT =R, g s R 1 SPSS 19.0
PEATGET oA, e Je A R AR £ hRifE 22 (X = S) 3R
Ro

2 ZERE5SH

2.1 EMEFREER

MRYE2 3 AT LA th, AR 1 L 2R e AR
BB G PR B B B A R S R A
RS T KRR AR I R s, HOK g 7= v i 2
FERR N DA = BRAR I Sy JER G s 2 11 il A TR
PR B R 1 AT B A oDk e, P e
K E A KB AR S & &
43.045% , Liu 25" AR FHZSFAS ] B9 2 £ i /K it
k& Al & e A AL AR s K, FF o0 T K g
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e, X EGARSCMF R AR — B AR K i 1
1B e A B PR e A 7 it — 2D
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Table 3 Free amino acid contents of hydrolysates prepared by six proteases

7S TRAN ) Pl K S P 2 11 0 P PR o b

Free amino acid contents of hydrolysates prepared by six proteases (% )

SRR B
Ao acid PHEAR BEEA e Fi A KR Fi s
Neutrase ALcalase Trypsin pepsin papain Pancreatin
KRB (Asp) 0.044 0.475 0.000 0.204 0.313 1.028
I R (Thr) 0.150 0.920 0.053 0.132 0.373 1.831
225K ( Ser) 0.260 0.946 0.035 0.086 0.541 1.448
KA ( AspNH2) 0.000 0.000 0.000 0.000 0.000 1.578
AR (Glu) 0.220 3.985 0.000 0.177 0.860 3.835
A& N (GluNH2) 0.000 0.000 0.000 0.000 0.000 2.581
H& R (Gly) 0.080 0.183 0.055 0.038 0.389 0.326
N R (Ala) 0.274 1.152 0.145 0.145 0.566 1.963
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7SI [a]  AKf f 2  SER A
SULRA TR Free amino acid contents of hydrolysates prepared by six proteases (% )
Amino acid HEAW  REEAT  WEAE MEHE  AREAE Wi
Neutrase ALcalase Trypsin pepsin papain Pancreatin
%5 R (Val) 0.493 1.601 0.434 0.337 0.362 2.856
JHe 4% ( Cys) 0. 000 0. 000 0. 000 0.000 0.244 0.911
AR (Met) 0.100 0.558 0.306 0.334 0.428 1.902
BRI (Tle) 0.705 0.764 0.253 0.251 0.614 2.484
5 (Leu) 0.683 3.588 1.120 1.366 1.988 6.422
SR ( Tyr) 0.986 1.663 2.007 0.744 1.307 0.508
ST (Phe) 1.114 1.682 1.462 1.319 1.340 3.232
1% AR (Lys) 0.415 1.307 1.680 0. 160 1.646 6.119
2H %2 (His) 0.029 0.590 0.251 0.007 0.252 1.163
K55 (Arg) 0.278 1.023 1.179 0.146 1.293 2.858
Tmafffi‘f item 5.830 20.437 8.979 5.445 12.514 43.045
SR = UCPA TSRS T X
Note ; Values were given as mean from triplicate determinations.
2.2 BREERIHLE i), ZFE MR & A BT (P <0.05) ;75 150 MPa %
H I TA 7 Tu%ﬂj BEE ISP MR EE G n s e B A B K ME, O 48. 855% , 7F 150 ~ 180
MR Er B Z I, 72 7. 5% ~15% JE/IN, @R MPa AR & mIgA TRE(P >0.05), ith, KA

i A R Y R Y B[R] B A 3G (P <

0.05) ,7F 15% ~20% Ju[El N, S SE 1R o 2 A b A HH
B.(P>0.05) , Ut B Py ik B o v 45 5 Ml s AL 1 1Y)

IKAARAGR 3K AT R DA O IRk R 5 v, T %
Z I, DT A TR PP T AR BRI, B S R
ALl 22l o H e, SRR 15% Btk
M 1B R LA, BE 3 /K i I 7 00 39 in 28 5
P o i S SO R I i e, 7E 60 ~ 120 MPa Ji Y,
RILWR I W IE (P <0.01);7F 120 ~ 150 MPa 22
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0.01) . L, KAFIREE A 50 C etk
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2 & EJH(P <0.05) ;78 7. 5 I 3k B 5 KAE
$950.523% ;7 7.5 ~8.5 Z i), BILM S H LT
R (P <0.05) , fitk, ZKfi# pH Ry 7.5 etk
2.3 EXTHER

3% 4 22 R 15t 52 m K i 7= 9y vh & 2L iR
PRI FXRIUT A BOKIERTT) > A(RYIEEE) >
D (Kfi# pH) > CORMRRIE) s IR LS50 1Y 45 /A5

L RAESCIR 4B A, B C, Dy ARG K (EAR 0, 52
RGN ABCD, . ZKIE, A,B;C,D, /Y
WHETR & 1N 47.532% , A,B,C;D, MM & i
h 52, 178% 5 FR I, 8 ey Hs T ik I 2 11 ) s A T 2
N IR EE 15% , K J3 20 150 MPa, i 32k 50
C,pH N 7.5,

x4 EXIWERSHH
Table 4  Results of orthogonal test

2 Factors

S5 e
No. A B C D Amino acid content (% )
1 1 1 1 1 31.271
2 1 2 2 2 40.326
3 1 3 3 3 44.381
4 2 1 2 3 35.683
5 2 2 3 1 47.594
6 2 3 1 2 48.996
7 3 1 3 2 36.569
8 3 2 1 3 46.258
9 3 3 2 1 48.811
K1 38.658 34.508 42.175 42.557
K2 44.091 44.726 41.606 46.044
K3 43.879 47.391 42.848 42.107
2= R 5.433 12.883 1.242 3.937
EWIF B>A>D>C
Tt & A,B3C3D,

2.4 BEEMMEEASYPNEERS N
HRAYEE 2 Fe 5 vl LA W 8 e il A 1% 2
7715 Hyclone 7K fif ZL AR 134 19 FoAH ] i) 2 5
R, I AP S JE R 1) % 1= 445 T Hyclone 7K fif 3L
EHREMRSE (P <0.01), HugESN
24.340% F152. 178% . X it BB /=5 4] i 2 1 1Y)

60 " 60

sof A I 50

40 40

30 ) 30
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Fig.2  Amino acid chromatograms of hyclone hydrolysate (A) and sample (B)
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&5 Hyclone KA EAMES EEBEREATYHTEERSEXEBR
Table 5 Amino acids composition of hyclone hydrolysate and sample

No. Amino acid pressure (%) No. Amino acid pressure (% )
1 WA 22 5% ( P-Ser) 0.291 1.024 11 Jk AR (Cys) 0.053 1.351
2 K& (Asp) 0.358 1.301 12 &% (Met) 0.952 1.933
3 I (Thr) 0.832 2.503 13 Se R (1le) 2.328 3.095
4 22532 (Ser) 0.684 2.241 14 SERMR (Leu) 6.357 6.903
5 KA WERE ( AspNH2) 0.592 1.918 15 2R (Tyr) 0.786 1.233
6 BRI (Glu) 0.533 4.196 16 ANER (Phe) 2.005 3.926
7 53 WE (GluNH2 ) 0.054 2.550 17 4 (NH3) 0.272 0.245
8 H &2 (Gly) 0.079 0.456 18 iR (Lys ) 2.331 6.396
9 AR (Ala) 1.109 2.028 19 21 2 % (His) 0.658 1.947
10 Hi R (Val ) 2.748 3.431 20 Wi (Arg) 1.318 3.501

2.5 BHK-21 ZHfanEEsEsRaE R

BHK-21 20 i 355 S 45 R R W], 7F 24 h i 28
AL 206 20 RT3k R 20 0 40 i 3 ik AR K &= 50% L
1 7E 48 h A KRB U A K IE R ES
KA, {HAE 24 h SZ06 20 O BE 2H %) 41 it 25 0
ETos 4], X UL Hyclone 7K it 3L 85 14 MG 25 5
it it 6 26 11 P2 %t BHK-21 20 344 12 AE KAE R o
2.6 MTITRMRFENDNER

HRAEE 4 77 LI H, & 47 Hyclone 7K fif L&
PRI 1o s ol i 1 2 11 P 0 ) MEML 355 5 B A0 7 48
h (%) BHK-21 408 5 25 (1 41 He 3 2 48 v A A7 T
FIFHAWNR2ZER (P <0.05), HAXIEA L5
ZH(0.25% zz) M5 20 (0. 5% 2z ) (14 240 A7 15 2255
B 1.281% 1.373% f11.618% . i, MTT 43#7
TR, 8 e He T ik 16 2 11 7= ) 60 BHK-21 40 JfL i A7
g, RO A e A KAEH X 5 BHK-21 4iijfg
i B s 5 R 48 AR AT o

MEM 0.25H 0.257Z7 0.577

4 BHK2l HFRFFEEER
Fig. 4 Results of cell viability of BHK-21 cells
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