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Optimization of enzymatic hydrolysis process technology of yeast milk

SONG Hong-Jie, ZHENG Cheng-Xin", JI Guang-Xi, LIU Cheng-Cai, SHI Fu-Long, MA Li

(Qigihar Longjiang Fufeng Biotechnology Co., Ltd., Qigihar 161031, China)

ABSTRACT: Objective To optimize the enzymatic hydrolysis process technology of yeast milk, improve the content
of amino nitrogen and total nitrogen in the product. Methods The effects of enzyme dosage, pH, time and temperature
of papain, flavor protease and complex protease on enzymatic hydrolysis were investigated using single-factor
experiments. Subsequently, response surface methodology was employed to optimize the enzyme process parameters,
and the optimal addition time of the 3 kinds of enzymes was determined by complex enzyme experiments, and the
synergistic enhancement effect of nonionic surfactants was explored. Results The optimal parameters from

single-factor experiments were as follows: papain dosage 1.5%, pH 6.0 and temperature 50 °C, time 15h; flavor
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protease was added at 0.7%, pH 7.0, temperature 54 °C and time 13 h; the complex protease dosage 1.8%, pH 7.5,

temperature 60 °C and time 12 h. After response surface optimization, the measured amino nitrogen content for papain,

flavor protease and complex protease were 3.83%+0.04%, 3.93%+0.06% and 4.12%+0.06%, respectively, and the

measured total nitrogen content were 9.65%+0.04%, 9.78%+0.05% and 9.87%+0.04%, respectively. The measured

values were close to the model’s predicted values, confirming the reliability of the model. The compound enzyme

combination test determined that the optimal addition times for papain, flavor protease and complex protease were 2, 4

and 5 h, and the amino nitrogen content was 4.24%+0.03% and total nitrogen content was 9.97%+0.04%. Furthermore,

the addition of 0.030% nonionic surfactant further enhanced the enzymatic hydrolysis, increasing the amino nitrogen

content to 4.57%+0.05% and total nitrogen content to 10.22%+0.04%. Conclusion The combination of complex

enzyme technology with the addition of nonionic surfactant significantly improves the enzymolysis effect, providing an

efficient and feasible technical approach and an important theoretical basis for the high-value utilization of yeast milk, a

by-product of the fermentation industry.

KEY WORDS: yeast milk; enzymatic hydrolysis; papain; flavor protease; complex protease
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JEARAE, BRSNS, IR R TR R R e RE A
AALEN(NaOH) (AT 46, 413 = 96.0%)(FE 25 4 Hl1k
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Fig.1 Diagram of process flow

(DBEFAS N i

AR [ 1 [ 72 B IR 50 °C . pH 6.0, i) 14 h,
BEZRINE R 1.1%., 1.3%. 1.5%. 1.7%. 1.9%; XREH
i i1 5 WA IR BE 54 °C. pH 7.0, HWHJA] 14 b, RSN A
0.3%. 0.5%. 0.7%. 0.9%. 1.1%; 54528 /55 B
JE 60°C, pH7.5. Bfl] 14 h, BEAIIRE N 1.6%. 1.7%.
1.8%. 1.9%. 2.0%.

(2)FfEf# pH X35

AR [ [ 22 BERAS & 1.5% . BERLE 50 °C. A
] 14 h, pH #& 4 5.0, 5.5, 6.0, 6.5, 7.0; JRURHE F1 7
FE BRI 0.7% EERIRE 54 °C \WHE] 14 h, pH %5 6.0,
6.5. 7.0, 7.5, 8.0; EEE M EEMFAINGE 1.8% ., BHfF
IRBE 60 °C. BYIA] 14 h, pH &} 6.5, 7.0, 7.5, 8.0. 8.5,
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(3) Mty A 0 i

AINE AR EBER IR 1.5%. pH 6.0, BRI
14 h, JEEER A 40, 45, 50, 55. 60 °C; KUHER [ i
B AN 0.7% . pH 7.0, BEFATE] 14 h, A 46, 50,
54, 58, 62 °C; M4 G & RS 1.8% ., pH 7.5,
Fifemt ] 14 h, WEFE N 50, 55, 60, 65, 70 °C,

(4R i) S

AR [ 6 [ 2 WS I 1.5% . JRUEE 50 °C, pH 6.5,
afe st ] i% A 13, 14, 15, 16, 17 hy KUK B & B
W& 0.7% . RJE 54°C, pH 7.0, Ef#IHEIBEN 7. 10,
13,16, 19 h; &G 5 H M E 2 BR A 1.8% . R 60 °C.
pH 7.5, MEfEETEIEA 8. 10, 12, 14, 16 h,
1.44 vq @ *x T EHAK

B DR] 242X 9 0 A7 T 0] 7 — 8 0 Bl PR X L S R
AT EMIRRBCERA R, ks, fom R rikHERRIZ A
K, ERFE R IR B — S AR TER, SRR %
454 Box-Behnken %11, 43-5IfiAk 3 FIEGRIBGAS NG (%) . B
f# pH. BEARIREE(°C), W 3 AR 3 A7k 17 M
g UaEFA . BRASENMEEGE 1~3), TR R
TR, PSR S A BE T 235

F1 ANEEEEEERCEZKEE

Table 1 Factors and levels table of response surface optimization

of papain
KT A@EE e BOER CEREN
pH) w)/%
-1 48 5.8 1.3
0 50 6.0 1.5
1 52 6.2 1.7

F2 RREBLBEWEERALERKER
Table 2 Factors and levels table of response surface optimization
of flavor protease

KF A(HERE)/°C Bﬁ% ngfiﬂu
1 52 6.8 0.5
0 54 7.0 0.7
1 p 72 0.9

®3 SEAEEMWEERKERKERE
Table 3 Factors and levels table of response surface optimization
of complex protease

KE AGRREec DO Co(Rim
pH) )%

-1 58 7.3 1.7

0 60 75 1.8

1 62 77 1.9

1.4.5 H4Bads it 5 B R K
TERTIC AL BB R T 252805, A5 R
S BRSNS, 25 S A [R) e Ao [ 5 ok P B Bl A R 1

SO, HARDT AN AR INER 1 9 V8 ot ] 3 50 15 2 S
1.2.3h; WREABARINERISHEER3.4.5h &
G RSN ] 2 B E N 4. 5. 6 ho BRI HE
712 h )5, FHRE 65 °CH4idF 30 min LUKREE, BfEME
Mfg - P E A S BRI S B, WP S A A EL iR
FXT M) L AR SSCR A
1.4.6 B4Rt 7] 49 e 3t BB SLER A 2OR W9 %R

HEEAEOMCE MR ER N AT, BmIEs
TR R, FFREORFSINGE . RG] 0 47
56, e EAINE N 0.015%, FShmtE o, 1,2, 3,
4. 5 hy DIGSLES BB 8 PR T8 B 0 3 f AR U
Jvest ) JR VR T AR ARSI ET R, 3R B AR A B
0.015%.0.020%.0.025%.0.030%.0.035%.0.040% . 0.045%,
PV B AR SRS N TabR, B8R R 350 0 a3 1 B
LK AR R R
L5 HiRELE

% J Origin 2024, SPSS 27.0 #I Design Expert 13 k{4
PATEAR AL BT, RASCRIE 3 VAT, BUERSR N
T EERREM 2. P<0.05 BRERAAFGI%E X,
P<0.01 #/RERBE,

2 HRED

2.1 EERMEXEESI KRR

W 2 FioR, BEEBRRINEORN, AEASEAS
W RIE FTHE R 3 R AR R S A i a
Gy BR: ARTNER T 1.5% . KRR I 0.7% . A 8
1.8%. &MT, AMEAMANARR S BA SRS
N 3.74%+0.05% F1 9.55%+0.04%; X bk & H B 4 N
3.84%+0.05% Fl  9.71%+0.04%; & & & 1 W H H
3.99%£0.06%F1 9.75%+0.04%., XTIt 3 FhEgHAL &1 T 1
IKARRCR, LR B G R PR T R K 4 2 S5
LRV 3 = AR B B v A IR (I A R 2 L, 5
B I RS A R, X F R A EAMEA T
Z R ER BRI AL R, T A [ A DA S B 2
KA, R — 2R TR P R AR O YA
W R EAKOE S, RS R BT R, X R
WeRE S R S R g, TR IS R B, 2B
R BCR AR L, B ARE B, KRE S
Wi 558 A & AR AP 73908 1.5%. 0.7%F1 1.8%.
2.2 [RE pH B2 KRR USR AR M

HE 3 ATRIEH, BiE pH 3G, A & AR
Ao RIENG TR, ARE A, KRE
HE . E5EAMNELEE pH 2338 6.0, 7.0, 7.5,

AT, RRNEAREHNZ LM EE ST E0 5N
3.78%+0.03% F1 9.58%+0.03%, KMk & [ [ 26 43 W N
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3.87%+0.04% Fl  9.74%+0.05%, & 4 & 11 Mg 21 4> 5 K
4.02%=+0.04%7F1 9.79%+0.03%, X & AR FI B/ pH
6.0 BPIEMERK, 124 pH & Foi T 5ad pH yuB# S (H
R JIER [ R PE AR 22, [ BE, KUK 25 (1 G pH 7.0 IRk
RRCR B 5 AR FIEAE pH 7.5 B S MR R Y )
T, ASHIEE 1A SR 1604 fee il pH R R, XUBK 26 F 6 O
Wk, B4 E ARHRYE . I, 6 A NE FEE . Xk
BN A 2R IR B pH 4351k 6.0.7.0 1 7.5,
23 MEERRIEEXESIKESRNEN

M 4 AT LU, BEE SRR B, SRS B
LA B RS TR Hrh, EARE
FIE . R (8 . 25 B R R 0% e DA e e T B 4

ISk 50, 54, 60 °C, ZFEHE S E M AE B8 X N4 5N
3.81%0.03% F1  9.61%+0.03% 3.90%+0.07% #
9.77%+0.04% . 4.08%=+0.03%7F1 9.82%+0.02%., & [ K
iR P A2 LR R R 0L S TR A B T A A TS
JIF, SEHEG SRS G RIR R R 2T DR G R,
SEETE RO KT, AR R, EIE A R R
B K AR L (Y TR bR, A, BLRIRERE L PR
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TR R AR R KRR . 28 BITR, R
ARINEE HME . XU ER A R & A8 A5 0% f 0 e R B o
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Fig.2 Effects of enzyme dosage on the hydrolysis effect of yeast milk
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Fig.3 Effects of pH on the hydrolysis effect of yeast milk
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Fig.4 Effects of enzymatic hydrolysis temperature on hydrolysis effect of yeast milk
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15, 130 12 h, FIEE S B X R R RS
W R 3.82%%0.05% A1 9.63%+0.04% . 3.92%+0.03% Fl
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FAMBA T EBTRE, Y258 16,16,
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B4 O ARG AR BT R 43 AI4E 14~16. 10~16. 10~14 hiE
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Fig.5 Effects of enzyme hydrolysis time on the hydrolysis effect of yeast milk

2.5 ARINZEBEm R IR S

153 s R 22 06 45 TS, 18 A i o T 3k 06 1 S AR
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4, VABGRRIS NG (%) . MR pH . MR CCOONRE, &
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F 4 KINEAEE 3 KERERITER

Table 4 Results of factorial design for the 3 levels of papain

W AR B G EER MRS

F5 ORE)CC fEpH)  ED)/% A% /%
1 50 6.0 1.5 3.81 9.62
2 50 6.2 1.7 3.37 9.21
3 50 5.8 1.3 3.65 9.44
4 52 6.0 1.3 3.42 9.20
5 50 6.0 1.5 3.80 9.61
6 48 5.8 1.5 3.53 9.34
7 50 6.0 1.5 3.70 9.51
8 50 6.0 1.5 3.79 9.59
9 48 6.2 1.5 3.36 9.16
10 52 6.0 1.7 3.37 9.13
11 48 6.0 1.7 3.56 9.33
12 50 6.0 1.5 3.83 9.65
13 52 5.8 1.5 3.31 9.16
14 52 6.2 1.5 3.15 9.01
15 50 5.8 1.7 3.60 9.41
16 48 6.0 1.3 3.61 9.42
17 50 6.2 1.3 3.42 9.32

F 5 FRAFA S B Ay 20 WrEs R, 455
WRZHI F o 39.97, PR 3.40e7 (<0.0001), HAWE
Fbk; RBIT P>0.05, RUBRIPIA RIF, #2280/,
BRI E R B RN 0.9809, JHTKJG Ry M 0.9564, (LR

RUHAG SR LA AT AT 5Pk, Ak, HE AL B,
ALK I AL By CyF e SR A B HLAT R R,
A, By, C I F 25k 4576, 43.53, 2.79 Al 41, 3 MR E
X S B E R RN A>B>C .

FI ] Design-Expert 13 #7220 S04 ] ) A 0
KA, BB REZHEIH TR AR R/ %=
3.79-0.10A,—0.10B,-0.03C,+0.01A,;B,-0.23A,-0.21B,°-0.06C,%,
£ b, B AT TR ST AR BRI O R RE, AT TR
ERST RTINS HAb .

x5 ANECMEERASEHRESNER
Table 5 Results of variance analysis of amino nitrogen content in
papain
B H
Sl LR i ¥y F P
LAY 0.6447 9 0.0716 39.97 <0.0001
A 0.0820 1 0.0820 45.76 *ok
B, 0.0780 1 0.0780 43.53 *ok
Ci 0.0050 1 0.0050 2.79 0.1388
AB, 0.0000 1 0.0000 0.01 0.9093
AC, 0.0000 1 0.0000 0.00 1.0000
B,C, 0.0000 1 0.0000 0.00 1.0000
Al 0.2310 1 0.2310 128.92 *k
B 0.1933 1 0.1933 107.85 *ok
c? 0.0161 1 0.0161 8.96 *
5% 0.0125 7 0.0018
KT 0.0024 3 0.0008 0.32 0.8122
gz 0.0101 4 0.0025
HEZE 06572 16
R 09809 R 09564

e * PR B (P<0.05); Rl B #(P<0.01), 6. 8~9, 11~12 [,
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Fig.6  Effects of interaction of different factors of papain on amino nitrogen content
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Table 6 Results of variance analysis of total nitrogen content in
papain
I A
. rE Y7 F P
el B
BRL0.5963 9 0.0663 38.03 <0.0001
A 0.0703 1 0.0703 40.36 ok
B 0.0528 1 0.0528 30.31 ok
C 0.0112 1 0.0112 6.46 *
A/B, 0.0002 1 0.0002 0.13 0.7299
AC,  0.0001 1 0.0001 0.06 0.8175
B:Ci 0.0016 1 0.0016 0.92 0.3698
A2 0.2669 1 0.2669 153.18 ok
B, 0.1315 1 0.1315 75.50 ok
c? 0.0232 1 0.0232 13.32 ok
2 0.0122 7 0.0017
RPI 0.0011 3 0.0004 0.13 0.9380
4iiR2E 0.0111 4 0.0028
BEZ 06085 16
R 0.9800 R,y  0.9542
9.7
9.6
9.5
255
® 917
9.0
6.2 52
T 60 )
By(ifipt) 39 LT 4 (WafmiR ) C
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Fig.7 Effects of interaction of different factors of papain on total nitrogen content
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Table 7 Results of factorial design for the 3 levels of flavor

ASL B OO MEEA ST R HA R ENR W, A B,.
C, 1 F 435 225.4, 3047, 35.54, 3 MRS EFEA T R/T
MR A>Cy>Byo ZIRZIRIAH ANy 2 SR & i/ %=
3.91-0.09A,-0.03B,-0.03C,+0.08A,B,+0.01A,C,+0.01B,C,—
0.21A,>-0.14B,-0.06C,% . AR AS Bk i) ¢ R AT 48, nJ I+
HRA T RTINS T M0,

rotease — e
P — %8 RKELMEERABSEINER
R A, (it it B, (fif} Co(FiF s BIHER A Table 8 Results of variance analysis of amino nitrogen content of
A~ B
FEOWEC fEpH) kb TR Ak flavor protease
0 Tk A

1 54 7.0 0.7 3.88 9.71 - RS e Vi F P
2 54 7.2 0.9 3.65 9.50 (i 0.4110 9 0.0457  178.08 <0.0001
3 54 6.8 0.5 3.78 9.61 A 0.0578 1 0.0578  225.40 o
4 56 7.0 0.5 3.58 9.36 B, 0.0078 1 0.0078 30.47 o
5 54 7.0 0.7 3.89 9.74 G 0.0091 1 0.0091 3554 -
p 52 6.8 07 3.76 .46 AB, 0.0272 1 0.0272  106.17 o
. - - 07 393 77 AC,  0.0000 1 0.0000 0.10 0.7640

B,.C,  0.0001 1 0.0001 0.39 0.5521
8 54 7.0 0.7 3.91 9.77

A2 0.1910 1 0.1910  744.95 o

2 2 ) ) .
o > ! 0.7 3.33 9.39 B,’ 0.0773 1 0.0773  301.47 ok
10 56 70 09 3.52 9.28 C?: 00154 1 0.0154  60.10 *x
11 52 7.0 0.9 3.68 9.52 Bk 0.0018 7 0.0003
12 54 7.0 0.7 3.92 9.78 KR 0.0001 3 0.0000 0.06 0.9792
13 56 6.8 0.7 3.42 9.24 iRz 0.0017 4 0.0004
14 56 72 0.7 3.52 9.23 BB 04128 16
15 54 6.8 0.9 3.70 9.50 R 09957 R 0.9901
16 52 7.0 0.5 3.75 9.55 - .. —
W 7 TR — 24 R T 1) 8 REMSIRELH VS i . 1§ pH.

17 54 7.2 0.5 3.71 9.53

MRPER 8 M 2T as A, S REA S BB B
W B EPE(F=178.08, P Jg 2.00e7<0.0001), ZIIIiA 5 F
(P>0.05), FRIMBAIMA RAF, RER/N. BAIPUE 5L
RP=0.9957, JHHEJ5 R,q=0.9901, iR RIBLA I &, Tl
MLERAFE, KE Ay, By, Cy, ZZHI AB, LI kI

Mt fTRLIEE 3 AN PR IH 28 22 IR A 38 B RO B R % ik 5
Wil o S5 R s, AL NG A% pH A 2 BR A & i 28 ELAE
MR, ArAEEaa g B hi hbeny, HuoRmH# pH
GRS X S B A S s B . 2R o T AR A
AR T2 5 MRS 53.52 °C, B## pH 6.96, MEs
Tt 0.64%, MAFEAEEA &8 HM 3.95%+0.05%.
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Fig.8 Effects of interaction of different factors of flavor protease on amino nitrogen content
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)M T s A S (%) FLEA S /(%)-

IR 11 2200850, B F 2 6542, P 2
6.34e™° (<0.0001), ZILAE & REIABIRIN B2, LB P
7 0.7110 (>0.05)RIUTA B E, RBRI G RiF, B
PE ZBR A 0.9883, JHHJG Ry 0.9731, AT H
A BT AT SEME L Ay By Gy F 430 56.75.53.88,
13.47, 3 ANMHEZW K/ NIT A A>By>Cso Fifs ikl
VA5 A & A A i /%=4.11-0.05A3-0.05B5-0.05C5+
0.03A3B3+0.02A:C;+0.04B;C5—0.15A:*-0.10B,°-0.13C57,

DNEL 10 T LA, ikt L B AR it i pHL <8 A FH B i
F R ET AN WARIERTE 59.64 °C, [ pH 7.45, [iff
WINAE 1.79%, AR A & &R 4.14%+0.06%.

M3 12715, #5F y 86.31, P 2.45¢ °<0.0001, %
WAL A A (3 . R 4B P 2 0.6079>0.05, 15 BH 24
ANE#, *ﬁiﬂi‘ﬂé&ﬁ%, T R As. Bs. GG F
SR 70,18, 66.71, 12.68 FLAL, 3 AN ZE MM KNI
BN A>By>Cyo IRZIIH B RE R BA S /Y%=
9.86-0.05A3—0.05B;+0.02C;+0.02A;B5+0.01A;C5+0.01B;C5—
0.16A:*-0.10B,>-0.05C;2,
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Table 9 Results of variance analysis of total nitrogen content of
flavor protease

% Fl
P I % i ¥y F P
iR 0.5489 9 0.0610  113.99 <0.0001
A 0.0820 1 0.0820  153.29 o
B, 0.0032 1 0.0032 5.98 *
C, 0.0078 1 0.0078 14.60 o
AB, 0.0009 1 0.0009 1.68 0.2357
AC,  0.0006 1 0.0006 1.17 0.3156
B.C,  0.0016 1 0.0016 2.99 0.1274
A2 0.2974 1 02974  555.81 o
B, 0.1054 1 0.1054  197.09 o
(o 0.0155 1 0.0155 29.05 **
2% 0.0037 7 0.0005
KT 0.0004 3 0.0001 0.17 0.9109
4R 0.0033 4 0.0008
BEE 05526 16
R 09932 R%;  0.9845

6.8 52

56

54

0.7
G % 06 " 53 4 (WFIELRE)°C

P9 JRURAR FIREEAS 7] X 38 S AR 0 AR i 5 )

Fig.9

Effects of interaction of different factors of flavor protease on total nitrogen content
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Table 10 Results of factorial design for the 3 levels of complex
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Fig.9 Effects of interaction of different factors of flavor protease on total nitrogen content
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Table 11 Results of variance analysis of amino nitrogen content

protease of complex protease
e ABEfE B(BE  C(BR A MR % P A i ¥ . b
FE O ORE)PC fpH)  EY%  HE% HE% He IR i3
1 60 7.5 1.8 4.08 9.84 Y 0.1972 9 0.0219 65.42 <0.0001
2 60 7.7 1.9 391 9.71 A 0.0190 1 0.0190 56.75 *x
3 60 73 17 4.07 275 B, 00180 1 0.0180  53.88 *x
4 62 73 17 388 9-38 G 0.0045 1 0.0045 13.47 o
5 60 75 1.8 4.09 9.87
AsB;  0.0030 1 0.0030 9.03 *
6 58 73 18 3.97 9.73
7 5 73 s RE) T AC;  0.0004 1 0.0004 1.19 0.3107
" p 5 18 a1l 9.8 BiC;  0.0012 1 0.0012 3.66 0.0974
9 53 77 18 383 958 A 0.0922 1 0.0922 27531 o
10 62 75 1.9 3.86 9.63 By 0.0425 1 0.0425 12695 o
11 58 75 1.9 3.95 9.72 o 0.0046 1 0.0046 13.69 *
12 60 7.5 1.8 4.12 9.88 s 0.0023 7 0.0003
13 62 73 18 3.83 959 KA 0.0006 3 0.0002 0.48 0.7110
14 62 77 18 38 951 aiR%E 00017 4 0.0004
15 60 73 1.9 3.98 9.77 BEE o196 1o
16 58 75 1.7 4.01 9.68
17 60 7.7 1.7 3.93 9.65 R 09883 Ry 09731
FHAT 2%

60
A;(Bf#IREE)/°C

P10 S5 SR A [m) R 2RSS A L X S B R0 B )5

Fig.10 Effects of interaction of different factors of complex protease on amino nitrogen content
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Table 12 Results of variance analysis of total nitrogen content of it pH. it i pH VR I 2 T T T R

complex protease

TEE H T SRS I B s BRI SR A B2 RE, RFRHR
T P SELEE 5 5T PR AT o 28060 0 75 40
B 02214 9 0.0246 86.31 <0.0001 FET 2460 BEfRE 59.64 °C, B pH 7.45, BEASM
A 0.0200 1 0.0200 70.18 ok B 1.79%, MEBESEN 9.89%+0.05%. 45K, W
= 00190 1 00190  66.71 ok T T 8 I L 2 25 R vt vl &, AT BT SE Bt A -
C 0.0036 1 0.0036 12.68 ok R S RN A, T e R T R 2 SR AT
AB; 00012 1 0.0012 430 0.0769 UE, B ST AL, K LR S R 1 A
AC, 00000 1 00000  0.09 0.7757 AR IRIE 50 °C . pH 6.0, BFASHNE 1.5%; KUK E N
B,C:  0.0004 1 0.0004 1.40 0.2748 I 54 °C. pH 7.0, BEUSINE 0.7%; &5 & AR NI
A32 0.1139 1 0.1139 399.78 ok 60 °C. pH 7.5, @@ﬁ%bﬂ% 1.8%, %jlﬁgﬁ%ﬁﬂ—_\‘, iﬁ%]ﬁ 3 ﬁ]
B2 0039 1 0.0396 13901 o fmaEERS SRS =S N KNED A
cZ 00093 1 00095 3208 o 3.83%£0.04% Fl  9.65%+0.04%; MK Mk & © B 41
AE 00000 7 0.0003 3.93%+0.06% 1 9.78%+0.05%; 4 4 14 4.12%+0.06%
I 0.0007 3 0.0002 0.68 0.6079 1 9.87%=0.04%, SALFITMAERENT, 1B TS s RIER, &
AR ooy 4 0.0003 I, SERIILA BT, BASHNE.
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Fig.11 Effects of interaction of different factors of complex protease on total nitrogen content
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Table 13 Results of complex enzyme compound analysis

AMEAMRRE KREABRRE Z5EABNREE

R FIEETR% BRI
AEBAR YRR [/ VR T/ YRR [/ RERZTE/Y A
1 1 3 4 4.16+0.04 9.90+0.04
S 2 1 4 5 4.17+0.03 9.91+0.03
K3 1 5 6 4.15+0.02 9.89+0.02
S 4 2 3 4 4.2240.03 9.95+0.02
Bt 5 2 4 5 4.24+0.03 9.97+0.04
K6 2 5 6 4.21+0.04 9.94+0.03
S 7 3 3 4 4.19+0.02 9.92+0.03
S 8 3 4 5 4.20+0.03 9.93+0.02
Bt 9 3 5 6 4.18+0.02 9.91+0.03
48— AR 7108 2 0 R, TR A X R A L AT O R 4
BARS R . P e . e
wof Ty 457436 ase asstios I, 5 R OF EI BR5E25 AL (BRI 0.030%
67 5 : X e A s o A
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a\\o T 104 o N - e 23T
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Fig.12 Effects of surfactant addition amount on hydrolysis effect of
yeast milk
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