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thereby improving the quality of yeast products. The optimal process for yeast autolysis under solid-state fermentation was
obtained by optimizing the autolysis temperature, autolysis time and the zinc ion concentration. We analyzed the indexes of free
amino acid, soluble protein and a-amino nitrogen in the fermentation material, as well as Ayg/Azgo ratio to determine yeast
autolysis process conditions in the solid-state fermentation. On the basis of the obtained data, Lo (3°) orthogonal test was
designed to optimize the solid-state fermentation parameters for yeast autolysis: temperature at 40, 50 and 55 °C; time 12, 18 and
24 h; zinc ion concentration 2, 4 and 8 mg/kg. The optimum process conditions for yeast autolysis were: autolysis temperature
55 °C, time 18 h, zinc ion concentration 2 mg/kg, and soluble protein content reached 9.31 mg/g, free amino acid 14.36 mg/g,
a-amino nitrogen 10.16 pg/g and Ays/Azgo 1.73. After optimization of the process, the soluble protein, free amino acid and
a-amino nitrogen contents of the yeast autolysis production can be significantly increased, thereby obviously improving the

quality of the composite culture.
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Tablel Effectsof different temperature and time pointson soluble protein contents (mg/g)

40 °C 45 °C 50 °C 55 °C 60 °C
0h 4.90+1.205@ 4.86+0.45%2 4.66+0.69%® 5.07+1.06%2 4.61+0.29%2
6h 4.53+0.755¢¢ 5.10+0.63% 6.24+0.445¢® 5.72+0.92°%¢ 6.89+0.74P2
12h 4.23+0.20%° 5.71+0.458¢¢ 5.33+0.43% 7.30+0.948¢° 9.32+1.07%2
18h 5.69+0.28"B¢ 6.63+0.805¢ 7.65+0.945¢ 10.05+2.20"° 12.45+1.3172
24 h 6.17+0.30"° 6.49+0.575° 10.67+1.80"2 9.80+1.38%82 10.08+1.155¢2
30 h 6.10+0.514¢ 7.92+0.31AP 10.70+£0.32%2 10.37+1.80"@ 11.67+1.06"B2

The different uppercase letters of the same column data showed significant difference (P<0.05). The different lowercase letters

of the same peer data showed significant difference (P<0.05).
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x2 TEEEMERARBXFESEERSEMFM (mg/g)
Table2 Effectsof different temperature and time points on free amino acid contents (mg/g)

40 °C 45°C 50 °C 55 °C 60 °C
Oh 8.04+2.015" 11.07+3.75%2 9.86+2.73%" 10.38+2.76°® 12.44+4.01%
6h 7.76+0.975° 13.69+7.22%¢ 15.75+4.465¢¢ 24.48+3.75°* 25.67+6.4152
12h 10.55+1.818P 15.89+4.045¢%® 17.93+4.538¢%® 21.45+1.77%% 23.49+6.4652
18h 16.15+1.64°¢ 12.91+1.85%¢ 23.89+6.56"5° 32.26+2.1752 27.31+3.545%
24 h 20.54+3.67¢ 23.61+4.99"B™ 29.87+2.29"° 27.82+2.475C 42.74+0.78°2
30 h 17.0524.79°¢ 27.57+5.54"° 28.80+5.417° 42.19+6.59"2 40.61+3.12"2

The different uppercase letters of the same column data showed significant difference (P<0.05). The different lowercase |etters
of the same peer data showed significant difference (P<0.05).

%3 AEEEMMMEREX o-BERRTSE0NZM (no/g)

Table 3 Effects of different temperature and time points on a-amino nitrogen contents (ng/g)

729

40 °C 45°C 50 °C 55 °C 60 °C
0Oh 5.89+0.18°P2 4.53+20%¢ 5.10£0.17°" 5.29+0.17%° 5.38+0.51°%®
6h 5.19+0.52P° 5.29+0.23" 7.63+0.2252 6.93+39P2 7.63+0.52%2
12h 6.02+0.37°° 5.73+0.42°P¢ 7.67+0.325° 8.71+0.40%2 8.99+0.3052
18 h 5.92+0.47"° 6.19+0.20% 8.32+0.425¢ 9.09+0.215¢° 10.07+0.27°2
24 h 8.23+0.25°¢ 8.83+0.365™ 10.61+0.65"2 9.47+0.53%" 10.54+0.59"2
30h 9.91+0.49"¢ 10.35+0.274% 11.08+0.43"P 11.84+0.27°2 10.08+0.48""

The different uppercase letters of the same column data showed significant difference (P<0.05). The different lowercase letters
of the same peer data showed significant difference (P<0.05).
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H %, Ageol Asgo 2.3 155 T 40 C .45 C4] (P<0.05),
=HzZEH LB EES (P>0.05). A% 18-30 h
i, AgeolAggo i 1 T 0-12 h (P<0.05).

25 FAR#HBEFRKEXNALISHEEERENEMN
AT LRI, BRI 2-4 mglkg, HIF
18-24 h i}, BB B8 F ik BE RGN, Itk o
HEBmMAH, A 6 h i, 4 mgkg 4 ATEE A
SEEERET 0-2mgkg 4. 8 mg/kg 4l (P<0.05).,
MAEE PRI 8 mg/kg, AEZE 12, 18, 24,
30 h B}, AIEMEASTEEEST 04 mokg 41

Table4 Effects of different temperature and acting time points on Ajgo/Asg Values

40 °C 45°C 50 °C 55 °C 60 °C
Oh 1.59+0.01°° 1.70+0.043¢3 1.73+0.02%2 1.75+0.02P2 1.69+0.04%2
6h 1.60+0.04°° 1.77+0.03"B° 1.79+0.01%° 1.79+0.01¢P° 1.85+0.0172
12h 1.67+0.02%° 1.68+0.02°° 1.80+0.0182 1.80+0.01¢P2 1.81+0.0252
18h 1.72+0.017BP 1.73+0.025° 1.90+0.0172 1.84+0.065¢2 1.85+0.02°2
24 h 1.68+0.015¢¢ 1.76+0.017B° 1.91+0.05"2 1.90+0.01B2 1.84+0.0172
30h 1.7620.01°° 1.82+0.02"° 1.7620.028¢¢ 1.92+0.0142 1.89+0.03"2

The different uppercase letters of the same column data showed significant difference (P<0.05). The different lowercase letters
of the same peer data showed significant difference (P<0.05).
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Fig. 1 Effects of different zinc ion concentrations on soluble protein contents. The different capital letters showed
significant difference in the different time in same group (P<0.05). The different small letters showed significant
difference of different group in the same time (P<0.05).
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Fig. 2 Effects of different zinc ion concentrations on free amino acid contents. The different capital letters showed
significant difference in the different time in same group (P<0.05). The different small letters showed significant

difference of different group in the same time (P<0.05).
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731

Fig. 3 Effects of different zinc ion concentrations on a-amino nitrogen contents. The different capital letters showed
significant difference in the different time in same group (P<0.05). The different small letters showed significant
difference of different group in the same time (P<0.05).
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40 . 0.1 mg/kg 41 (P<0.05)., H¥ 18. 30 h i,
4 mg/kg 201 8 mg/kg ZH 1) o-28 3 R &
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UNINEN 4-8 mglkg, HIF 0-18 h i, a-ZFEA
SHEEFEET 0-2mg/kg 4 (P<0.05).
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Fig. 4 Effects of different zinc ion concentrations on Ayeo/Azgo Values. The different capital letters showed significant
difference in the different time in same group (P<0.05). The different small letters showed significant difference of

different group in the same time (P<0.05).
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Table5 Orthogonal test results and range analysis of different temperature and acting time points and zinc ion

addition
Test factor Result
Test Autolysis er."? on Autolysis Soluble protein Free aminoacids Alph a-amino
number temperature additionB . Aseo/Aogo nitrogen
. time C (h) content (mg/g) (mg/g)
A(°C) (mg/kg) (no/g)

1 1(40) 1(2) 1(12)  7.81+0.34F 13.52+0.29"¢  1.69+0.01° 5.21+1.68°
2 1 2(4) 2(18)  8.38+0.27° 11.94+0.09° 1.59+0.02F 9.56+0.27"F
3 1 3(8) 3(24)  5.69+0.13" 9.78+0.09° 1.68+0.01° 5.65+0.10°
4 2(50) 1 3 8.73+0.11°P 12.84+0.635¢ 1.65+0.04°  9.55+0.38"P
5 2 2 1 9.62+0.43" 13.25+1.05"8¢  1.72+0.01® 9.19+0.29"B¢
6 2 3 2 9.84+0.14A 14.56+2.52"8 1.76+0.01* 9.10+0.10"B¢
7 3(55) 1 2 9.31+0.09%8 14.36+0.27"8 1.73+0.01"  10.16+0.26"
8 3 2 3 8.98+0.03%¢ 14.78+0.10" 1.75+0.01"8  8.25+0.17°
9 3 3 1 9.31+0.63"8 14.15+0.19"8 1.66+0.02°°  8.52+0.065C
K1 7.29 8.62 8.91

K2 9.39 8.99 gy LLOEEE

content

K3 9.20 8.28 7.80 A>C>B

R 1.91 0.71 1.38 A,B,C,

K1 11.74 10.52 13.64

K2 13.55 13.32 13.62 Free amino acids

K3 14.43 12.83 12.46 B>A>C

R 2.69 2.80 1.18 A3B,C,

K1 1.65 1.69 1.69

K2 1.71 1.68 1.69 Aocol Asgo

K3 1.72 1.70 1.69 A>B>C

R 0.07 0.01 0.00 A,B5C

K1 6.81 7.64 7.64

K2 9.28 9.00 9.60 Alpha-amino nitrogen

K3 8.97 7.75 7.81 A>C>B

R 2.47 1.36 1.96 A,B,C,

The different uppercase letters of the same column data showed significant different (P<0.05).

#£6 IEXIRIE TopsisEZADHER
Table6 Orthogonal test results of Toss synthesis

3

Sample

D+

Df

Statistics Cl

Ranking 3.1

© 00 N o o A~ W N P

0.212 693 3
0.098 992 2
0.267 323 4
0.0717155
0.055829 1
0.043 362 3
0.022 624 1
0.080 359 8
0.073 597 2

0.124 927 3
0.204 556 7
0.026 380 5
0.220 8430
0.234 3477
0.2515107
0.266 586 8
0.217 4115
0.218 574 9

0.370 022 6
0.673 884 0
0.089 820 1
0.754 867 8
0.807 603 1
0.852 945 9
0.9217731
0.730 129 2
0.748 103 2

8
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T BF 9 BOAR B — PG OE SN, A TR A
WEFE . WK S VKRG bR Z S
TR, B-MEEESAE S A SR XL
BEAE— DR E IR 2R AF T, AR B — AR fE
P, AR AR, TR R R
A G N % . ik S R, M A%
Hi )% 55 CIF, ZEEIRAS R AR B R K. )
1) 22 220 % B 1 ¥ S AE 40-56 °C 3 Bl P9 2 11 5
SRR G R R, I 56 TR T
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e, KW 56 CI2E I 52 M i AR
Ji . RS R B, 4 E IR R 55 CI, W
FILTRARAGR . LIRS A B AR AR
BrikglEmok, AREerh, 2 8RB e,
KRBT R AT AR O RS R L o
ARG EU 2 MY GERE, SAERER
50-60 CH}, FHEIRIIGRE T2, £
ghIrh, 50 “C L A e FE bR B i A 2 4 4b
FHRKT, B B ARIE Tt B T AR KRt (1 7
FREE, (HIFAS R B ik gy . IeRk2if AL B C.
D POANER A B RS B, FESURIE AEAERTT
XSERG A TE RS2 TR K B4R o SMITRRTEE A 1
i i B 30-35 °C, NIk B.C 2 50 ‘CA A,
i D Jy 60 CZAPY, R b 245 63 50 CH,
BIPEE R &5 55 'C. 60 ‘CzZla)g o i %
5o SEE MY R ERRRSIRA =T, AR
16 H A 50-55 C
32 RHEXEEE BiAR 20

IR S R/ 30 C 441 T & T 28 h
J5 . SRS A RS A AR A AN TR) PR3 B 2
AT AW, LR ARG S B R . o-
FIHASHEAR SRS THEES . B
AL —aE M, RAHEAEE, BN
FAOK IR A BERE L Z R . AR AR,
B 20 A N 25 0 S T R Y, BRI K A e g
A 17 B[] 2 S B A 28t AR A I N 5 . AR
TR, B AW TR, LR
ATEPERR 1 T S A R S5 A O bt Bl 2 B
2 { A E] A 0-12 h &2 FE AR K 2812, 12-24 h
PR R, 24-30 h B Kl TP Z o AT
MNP s R B, AR 50 CH, B
WK, ARASTEEE, H24hFERAGE LD
THEABT . MRAZHET, sEsPug
MR . BEE, RADES R/ EE
PR RS A A AT B2 1 40 e B T RR s B A ok, [

http://journals.im.ac.cn/cjbcn

WA T T U S A R A Y i IR
EHEBEH TR G, RIA% 12-24 h i, B
BL 20 f N A B KRG . BK ARG PTG R LTS
Wy 7853 NE, TR 2 07 8 36 2 40 38 3 45 v 1R K-
PR AT R VAR WG . 2 B
B A1 24-30 h, &350 E 8 AR - THE R TF
2zl TR A, 2RI Y Wi 02 s I, A 7 3 B S BT
JIC ) C R 0L Y B 2S00 IC R il o B 1 9 )
MIE— B, ATV PEER T . U S IR S i
Tk B IR, L AR AT K, 2546
SMAEY K EERR SR T2, AREERE
h 12-24 h,

33 HEFRENEEHFNEMN

AR T AT, YR TR B I, 45 0T
EFEP R 3G N . A R, B AR
e B 24 1 KA BT 6 B i K P
PR AE 22 28 0 vh A K SRR T T4
A AR5 B 40 45 . Susan 252 R, Zn®
W EE RN RESE AN (4 25, (AT LS i) gkt
TR E Zn®t S R AN A AR R R
bl R, FEEFANERT, & TR
TE—REAMET , AEES T U R nT s ek B 0
SR T A 8 1R 35t S e g e, 9 A 2 P8
REM, BEETRNSER, SXmERa
BEEMER, g s KiEt . e e T
2 3 BN BR A AR R . W L R
PR O S A, DT (A5 B R R RIS . o
AT L B, UM AR T IE N 5 mg/L
B, ERER D o-Z LR MR SR RS T
3.5 mg/L #il 56 mg/L, [RI A 42 & T B ATE H 5 %
WERE . AREG b, B R TNk B4 2-8 mg/kg
B, B R . o- 2 A SR TR ) o A
Mgl 3AT WP, RO B OB B AR R R
R ER R S M ES 1, B SR 45 .
PR 00 o3 A, DT K 1 AR U 2 1Y



HE FESRETEISRBHIZMNRE

RS ER Y ,  [RIESH AT R A I BE R T B
P, 5EIEASIRIGEE A, A LB T2 BUer
5T R 2—4 mg/kg.

34 AgsolAsgo EXTEERE B iA IR

Agsol Aggo HUIE & — 2756 I B2 i A iR
KR SRR Y B, 2 F R W
RNA, # HAE AR DU 356 BH R i v A3 2 1 AP 7
DNA 451 AgeolAsgo 1 1.8, Ak rh, 16 A
I, BN BRI R R R 2,
It LA Ageol Aogo TELEE /1N o BB B TR] I HEK: | Agso/Asso
HWFZ G, ZBRIEY B Bl , %
AR A E W K, X SV g AT 58
GER S WA RN, Asso/Asso LTERE K.
MR EEFFE] 50 CHY, Asgo/Aogo fE 5 55 C. 60 C
HEBEZR (P>0.05), HEEET 45 CH
40 'C4H (P<0.05), KUYk N 50 CHY, il
e SN B R, PRI T R AV R C 4k
B o BF B TR A0S M1, Aveo/Asso fH L
WK, RV N T R AR I AR

4 L

ARG [ A K TS IR A e 2
Jy: BUERE 55 °C . fEFIIE] 18 h, 4¥ ) ¥k ¥
2 mglkg, I 3 AR AT
4 9.31 mglg. TiFE 2R 14.36 mg/g. a2k
AN 10.16 pglg. AseolAzgo M 1.73.
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