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Abstract: Pancreatin was extracted from yak pancreas, enzyme activity and yield was used as the measurement
index.On the basis of single factor experiment, the orthogonal test was used to determine the optimization of
technological parameters of yak pancreatin preparation, at the same time, the effects of hydrolyzing casein was
investigated using pancreatin to prepare lactoalbumin hydrolysate. The results showed that the optimum
technological condition for preparation of yak pancreatin was as follows: yak pancreas:25% ethanol ( extracting
agent) = 1:1, extraction and activation time was 5 h, pH = 6.8,75% ethanol precipitated for 8 h.Under these
conditions,enzyme activity of trypsin, amylase and lipase were 1867,16298 U/g and 5683 U/g respectively, the
yield reached 9.7%.Then the pancreatin add to casein with ratio of 1:5 to prepare lactoalbumin hydrolysate under
40 °C,pH7.5 for 4 h.Consistant with Hyclone, there were 19 kinds of amino acids in hydrolysis product, but the
contants of total amino acids were higher than Hyclone:the percentage was 36.111% and 27.725% respectively.In
conclusion,this technique is simple, time saving, feasibility to be industrialized, and will be a good application
prospect in the field of protein hydrolysate.

Key words;yak pancreas;pancreatin;enzymatic activity ; yield;lactoalbumin hydrolysate

FRE S TS251.2 X EkFRIRES B X ZE 45 5:1002-0306(2015)15-0202-06

doi:10. 13386/]. issn1002 —0306.2015. 15. 034

Y5 B H#A:2014-11-13

TEEBN AR (1985-) , B, B ML R A, 2R F AWML L B A, E-mail : jindongwu2007 @ 163.com

« EITEE: L 84=(1962-) , § 14+, #4& , AFAMMH LS 2 A, E-mail ; mzr@ xbmu.edu.cn,

ESTIH 4 F 8Kz FH a4 A LR %” 5 B (IRT13091) ; 2 1 T AH3+ %) 5 B (2014-1-158) ; B R K. &40 7 B A3+ %) 5 85 ([ 2013 ]
231 %) ; B R 4MER B (GDW20146200235) ,

202 515z zsm



@ésﬂﬁl’&l

TEHRA

JIgE P ( Pancreatin ) J& M3 (4 S AE M EL B W) SR IR
R —FRR A B, R AR E e R, E
FROR B P B, ELAT W i N T Tl
AL T A=W S 25 28 1 FOK fi S A sk p 2 e
fifg i S A 22 B TE PR LSy, AT AE S JEURE 24 DA rh B BT
T AR R, BT P A e B 0 T R AR R, T
FLAEZR o WP 1 S0 L™ i T SR . 1 PN e
ETIR RGP, TR =R F POl KR, JEHEPE AL HL X
YA IREE, AN A RIES A 2R, 5 A
wLATE, REFF Y P EZ TR R, R
B AR B AR AR 5% BUE A 10 56 R, 48 TR R il
A & R 32 30 T B, TG BE 48 A 9 1 04 TF 95 O &
T TR A 3 U5 R I8 1 AR o 400k, A AR
JRA TR K R, 2 B BT 7E I VR T R A
SAERR R 22 Ik B s BRI e B E % e R R 3
T R AN AN A R AR
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TR fHFLER A SCSCHRIR I . AN SC LA 2B Sk $5 B
FFMUTHE ] , >R FH B PR 22 92 48 FN 1 38 52 46 17 3% HH 4
2 BRI ) A S A T 20 S8, I FH 4R A R I K i 1 AR
F, B 78 A A 9 I = b Ak 0 7K A 2L AR 3 B 5T 3R 40
BlE PSR YR
1 HRSHE
1.1 5SS

BIEEFEARNE H s EAEY TRAERA
FEUG SR AR T R T R I R B D S ) 4
Pk 305192328 31000 U/g  Sigma 4\ #l; 5% JiE
e REFEE SEE B S EAM TR 1
s B Y A e TR R 9T AR 0 K R FLAR B
Hyclone; AT PEpEN  dbatgr B4 T s FIHA R R
Ky AR A 3R SR A R R sk TR T, 0 [ i O 4y
e aivih fekal, i P BRI A BRA A
Hee ik o rat,

SG2 #4 pH 11 MEFE#) - FLR ZAUE A BR A ] 5
biomate5 BUEE4N/ A1) USG5 66T ZE[E Thermo;
HJ-6A Z 3L f Jyim#n s 1 E 48 ; DHG -
9146 A AU PVEHIR B X T HRFE  LIAE 22 SL ik 45
AR Al L8900 Y 4 [ sh & LR - M H AR
HITACHI 2\ 5] .

1.2 LWHE

1.2.1 il T Z2BEEL  #8H4ed MlE— R - R BUSE
— IR PG — T B e By

1.2.2  PAREZESE AR T 2R, BUIE 200 g,
JH 200 mL 25% £ FEAESR B, 0.2% CaCl, 1E 3
71,0.5% NaCl F1 0.5% W] #PETE M VEM P 7. DR
B et ia)  pH UTYE R B DT IE RS TR 4 SR R U
ATHADRI ZR S5, MO AT 5L 56 3 Uk, 1l 2 5 W) 4 2 i g
WG 7 (R AR TR | T A0 TR A0 B g U Tt ) R i 2R 1Y) e
(e ArSlE: S LN
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PifE 2 At F R, s AR FR Y pH6.8, T BE 7 TR B
75% ,UTIERTA] A7 10 h, HEECEE ) [a] 4 5315 8o 3 .
456 Fl17 h,

1.2.2.2 RS pH SRS AR FEn NG
PEIGT AR P A R PR BB B R SR 5 b, DT TE
FIHEE SR 75% , PLYERT ]2 10 h, pH 43 51 1% & N
4.8 5.8 .6.8.7.8 F18.8,

1.2.2.3  POUEF AR 5 X g 3 7 AR Y fE . Ji
Fifg i BB Ak A v, AR R PR B VE BRI 5 b,
pH6.8 , JLUE B 8] 7 10 h, Ui 3 7 e B 45 B 1% & K
60% 65% 70% 15% F1 80%

1.2.2.4  PUUE R [a] X g vh ) FOSCR g s2 i RE IR
Bt A v, P AR R SR BT BRI 5 h, pHG.8,
DIVEFNHE 75% , PUVERT 8] 43 51 % & S 6.8 .10 .12
F14 h,

1.2.3  IEACSCIGTETT  BeRRdR BUns Bt Al L pH i3
TRl RN E B[R] 4 B 32, AR o ) 3 Sr ge A5
POLE S, BEPE A3 ) 7K -2 A Ly (3%) 15 38 52 50 1 72
JER TR A e A T 202 80, IR 9086 Ly (3%) 3K
IR 1,

R IERTR Ly (3") HEAF

Table 1  Factors and levels for Ly (3*) orthogonal test
ES
- A I y C PLvEFH D Pi3E

T e 2B e
(h) (%) (h)
1 4 5.8 65 8
2 5 6.8 70 10
3 6 7.8 75 12

124 T ZLGUE  HURE A= B Ik A0 5% e ik 44 BE L 1
A2 S T AR I e A TS RO 45 TP

1.2.5 WG 7 FORCRIHE PR I PRSI
it R IR A0 16 1Y) T G g 00 S 34034 2010 Ji A [ 25 B 7
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TR /K i B 26 PP 7 2 B A 251 Xie NN 25010
Fl Jrad Z %" 07 W OE 0 Y el g . ELAR T2 N - il
HIRYLLH] (E/S) 2 1:5, R BE 40 °C, pHT.5, 7K fif
4 h,8RJ5 85 C /K KiE 15 min, iR B A 5 F
3800 r/minZ& 4T 250 20 min, B[ % 7% 155 55 T 1 R
MK IRFLE A

1.2.7  JKfRFLAR PR B 2 LR I o8 BRURE 28 g 7K
fHFLE D 100 mg FEfEZE 100 mL glifksk i, F 5% 11
AL TRV WOV A BEFR B 2 4% )5 ,8000 r/min 25
> 15 min Ji5 , >R H L—-8900 4> [ zh 2 JLMHR 43 AT (UK
I 35 W I B SRR, [RIET A Hyclone /K it L 26
EPSpayi
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Fig.1 Effect of extraction and activation time
on enzyme activity and yield
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JBREE A Tt I T o Tt AR R A U Tt ) T 9 0 S R 45
(p <0.05) ,7E pH6.8 51 =Bl 713k B e KAH, 53
sk 2279 22088 Fi1 6450 U/g; I, btiZs pH TS
BTG 1A TR (p <0.05) o BREEICRAE pHA.8
~5.8 LB LTl (p <0.05), 7E pHS5.8 ik 3| %
=5, 9 10.47% , M= BtiAE pH B9 T iy e i s 3R W R
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Fig.2 Effect of extraction and activation pH
on enzyme activity and yield
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Fig.3 Effect of precipitant concentration
on enzyme activity and yield
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(p>0.05) ,1M7E 10~12 h 5 5 B8 0 06 1 28T
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Fig4 Effect of precipitation time on enzyme activity and yield
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Table 2 Results of orthogonal test
ot = ML (%)
A B C D AN Bk BRI
1 1 1 1 1 1452 15837 4500 9.2
2 1 2 2 2 1330 14169 4250 9.1
3 1 3 3 3 1471 16670 4500 9.1
4 2 1 2 3 1813 15170 5450 9.8
5 2 2 3 1 1996 16670 5550 9.6
6 2 3 1 2 1848 16087 4800 9.3
7 3 1 3 2 1728 13336 4650 8.2
8 3 2 1 3 1869 12502 4500 9.2
9 3 3 2 1 1940 13336 4800 9.8
VAR IR 1 e AR VEN BT 1 h 48 b
K, 1417 1664 1723 1796 K, 15559 14781 15003 15281
K, 1886 1732 1694 1635 K, 15976 14447 14225 14530
K, 1845 1753 1732 1718 K, 13058 15364 15281 14781
He22 R 469 89 38 161 e 2z R 2918 917 1056 751
FEWIF.A>D>B>C FERMWF:A>C>B>D
BB A A, B C3D, G A, B, CD,
VLGN s 15 1 e LA M bR
K, 4417 4867 4600 4950 K, 9.1 9.1 9.2 9.5
K, 5266 4767 4833 4567 K, 9.6 9.3 9.6 8.9
K, 4650 4700 4900 4817 K, 9.1 9.4 9.0 9.4
22 R 849 167 200 383 W2z R 0.5 0.3 0.6 0.6
FUWIFF:A>D>C>B FUWIF:C=D>A>B
HARH A A, B, CD, wIRH A A, B,C,D,
3 HBEIESR
Table 3 Verification results of combination
a4 BiE 1 (Ue) : HeR(% )
[ 11 Bl JBEVER il JER )i U7 il
A,B,C;D, 1753 +37.05 16223 +109.19 5515 £63.06 9.33 £0.06
A,B,C;D, 1867 +34.79 16529 +53.33 5567 +44.10 9.66 +0.06
A,B,C,D, 1723 +48.17 16006 + 123.47 5217 £65.86 9.13 £0.09
A,B,C,D, 1807 +45.12 16017 +106.89 5250 + 86.60 9.37 £0.14

VU 2R 1 FE R A E, 535028 A QB EFE) > D
(PLpERTM) > C(PTIER A E) >B(pH) ,A>C
>B>D,A>D>C>B,C=D>A>B, [FEIE K,
T LU AR 1l L R DE R L I g T R A S HE
WL 5 A, 5350 A,B,C,D, A,B,C,D, |
A,B,C,D, f1 A,B,C,D,, &% {iF, A,B,C,D, [/l %
J1 AR e ey HLbR M 2= e IR, PR S 4, g5 AR L
23, R, B AR PR A 0 i AR T2 D S SR B
HFTE] A5 h, pH = 6.8, JT 3¢ I 1Y ¥ BE Sl 75% FNUL 3
B [E] 247 8 h,
23 IZWIEER

AR S B Tl 3% 7 AR ) BsE X R ZH R T YR 5% R, T
LG I ¥4 v 1 AR VR R G i 1S T, DR bk A S 56 45
SR FH AR 2 158 JIE R0 55 9 I Ay Dot} 442 B TE 52 52 56 T 45 1
LASEBE S NG, S5 R K 4,

MK 4 T LLUF Y, e B85 PR 2R S50 56 R IE 32 S5

JITAS HA R AR T 25 2 BT ) #5417 R R R
Js T My Tl R B NS O T — TR G S0 B S X 1E 43 e
1867 16298 5683 U/ g, 5 X} R 2H 22 T35 < s 34 R I 9
JiR A Tl RS 0 it RS U T — VS 7 1) S YA 0
43902k 3055 (82788 32667 U/ g, HiiF J1 5 X B 4H ¥
AHE2ER . UL T2 S 802 JHE R ) £ 19 fe 6 T
BH . 8 B 2R Ty 25 43 AT WF 4B 2 B I R I T
PTG 1 AR BEAT T R, 45 O 38 W 20 I JUE A 5
Ji A A V5L 1 B ¥ T R T 5 I IR G I T — i )
FIC AR B T3 p < 0.05, 25 53 2, BLI X 5 R
B A I AT S
24 FEH4EHAKBEEASFYHHEBSIERIE
S

MG 5 Fnk 5 n] IE H 4E4- IR B K iR L8 A
5 Hyclone /K fift FLEE (14 19 FhAH ] 19 & 3L PR , &
HEMRE&EmAHEMNWESR, &8 kK 36111% Fi
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5 Hyclone i 8 5t 5% i SRR 4 A
Table 5 Amino acids composition of Hyclone standard( A) and sample(B)
F5 B AR Aflf (%) XMRH(%) |75 AR PR Ali(%)  XTHE (%)
1 TR 22 &k ( P-Ser) 0.352 0.225 11 R (Cys) 0.245 0.089
2 KGR (Asp) 10.838 6.238 12 EE R (Met) 0.738 0.780
3 7%= R (Thr) 0.643 0.716 13 SRR (1le) 1.015 2.169
4 22 5 IR (Ser) 0.564 0.707 14 22515 (Leu) 3.927 5.685
5 KA WM (AspNH, ) 0.569 0.600 15 1% 53 1% ( Tyr) 2.817 0.779
6 BB (Glu) 2.157 0.527 16 A (Phe) 2233 1.719
7 A # Wt ( GluNH, ) 1.907 0.253 17 % (NH,) 0.248 0.249
8 HE W (Cly) 0.096 0.094 18 TSR (Lys) 3.655 1.755
9 NER (Ala) 0.579 1.012 19 2 24 % (His) 0.217 0.571
10 AR (Val) 1.256 2.494 20 THRR (Arg) 2.055 1.063
27.725% 4B 4 R B K i FLEE H 5 P—Ser, Asp ,Glu 70
GluNH2 .Cys . Tyr .Phe .Lys #1 Arg 9 Fpad ZLl8 19 & & 60 A
=T Hyclone 7K fi# ¥ 4, Thr,Ser Ala Val  lle | Leu 50
A1 His7 b %2 HE 8 1) A B T Hyclone 7K i 7L 2 (4, ;‘3‘2
AspNH2 (Gly FlI Met 2 MR o i AR L7 — 2, X 2 o
SIRYaRh s K g i T — A OC, R — R 2 i ol s
SEY, SR IER A S A S B A T M #iln, o A2 A
JiFe 2R 11 T /K fire BH S - 2 Sk PR 45 5 1 45 ( Arg \Lys ) | B8

S5 i R % 7K A D5 7 T R 32 4 2 BRI 19 45 B A s
(Tyr, Phe, Trp, Leu) , JRIKEE A R T N BE/Kf# Asp,
Glu, Arg, Lys PURP S FILIR 1 25 & 0L s LASN , Hogs 45 Fp
SLBLTR 45 6 3 A BB HE B /K ffe , 3oL B I Bl B 8 7K
fift Ala IOZE LR

*4 T IEIESEAR

Table 4 Results of validation experiment

fis 71 (U/g)

MK pEnm poonm paEmm %)
Xt ARZH 3051 02328 31000 -
1 1856 16503 5500 9.6
2 1813 15835 5900 9.8
3 1932 16503 5650 9.6
4 3123 81683 31000 12.5
5 3051 83350 34000 12.2
6 2992 83350 33000 11.0

T R IR sigma FEURIPERE, 1.2 .3 LAFEAR BRAT N JFRE,
4.5.6 LIS IRIE A R o
3 g

B2 SR 25 9 B AR T2 R SR AR B 25% 2,
B (HEIGR]) =1:1, $2 HUBTE B W] 2 5 h, 436 pH =
6.8,75% Z BEUTYE 8 h, T 45 BRI v e 85 11 I | ok e
i i A0 R AR T B 00 B T 43 5 S 1867 | 16298 |
5683 U/g, W %ik 9.7% .

JHAE A JBEBEAE IR BE 40 °C ,pH7.5 , lilg- 5 i Lb 451 hy
1:5 BYSAPE T /K lig B 1 4 h J5 ISk AL Em S
Hyclone BY7KfifFLER AR LA, A 19 FhAAIR] A& 2E0R ,
HL AR 4 B T Hyclone /K fBZLE 1A, 40910
36.111% F127.725% . 1% 1. 2516 o, FEmT 4, 5 F =k
A, K A 2R P Sl b B R A N AR

206 20155 5154
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min
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min

K5 Hyclone XIS (A) SR (B) ZAERR 7 Hr (B3 4]
Fig.5 Chromatograms of Hyclone standard( A)and sample(B)
T LWRRR 22 2 1R (P—Ser) ;2. K & 2R (Asp) ;3. 5 2 R
(Thr) 54,225/ (Ser) ;5. A Bkl (AspNH, ) ;6,48 2
(Glu) ;7.5 2B (GluNH, ) 5 8. H &2 (Cly) ;9. WA B2
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