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Optimization of Process Conditions of Shengmaiyin Residues to
Produce Protein Feed by Multi-strains
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Abstract:In this study, protein feed production from shengmaiyin residues through the mixed
fermentation by multi-strains which included Trichoderma koningii ( Tk), Cellulomonas
flavigena (Cf), Candida utilis (Cu) and Aspergillus niger (An). The fermentation conditions
were optimized by single factor and orthogonal experiment. The result showed that, during the
first 2 days, inoculating Tk+Cf of volume 20% (proportion 2 : 1) and then inoculating Cu+ An
in volume 20% (proportion 1 ¢ 1) after 2 days. 5% (NH,),SO,, intitial pH 6, the ratio of
material to water was 1 ¢ 2, temperature 30 'C and fermentation time was 5 d. It was found that
the real protein content increased by 86. 96%, crude fiber decreased by 20.09% compared with
that of the control.
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IR EEREPAHAGL K CERRMAE
FEREN B R P M RBE RN E - ER
THBEEEYOANE LS. BEIH REN DY
W BERERT MK P2, H 90%
VAL A 7= R I o 25 A R R R B R AR T
A AEPNEREREHSE HEY HEA.
TEM R AR OT R S A BUR A R AR B
BEpe s Ty vk R AT Ab 2, BR R XF AT R BE O A 5,
R R ER TSR, BAIXTHFAHENGE S
HAELARERS . QEATHERERAE.
BEMERENE. L PHATHBERERAER
MRFRBUEBELZ,IFEELBEB T —EH K
RULER, XEFEMTHENLEER, 3 BF
TP R TG R EE LA R F .,

H—rE.EEREYMRERR. REEA
FRHE SR E T B b O Ry 45 R B R LU
REAFRR,EB AR B ERRE R
RRHBERE" EEREANESE ERKBS
R ERSBAFARFRFTAELERR. 1
EMRAAAERERSEMAG, UPHERNE
HHEAT B 5 R B A 7 3 AR X R e H R AT
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1 ##HEF*%

1.1 th#EE

REFAPEENTIHERG T £ =LK
RERENLGE. BPAHAETREHBRZES BHE
B, PHBENRSAEEL ERF. S LE, ]
EEAFRESE N OUIN . HAERES A
30.53% i IRHE BB A 1. 862,

1.2 H#

BT KE (Trichoderma koningii) %6 KB
(Trichoderma viride) . % /& & V% B (Phanero-
chaete chrysosporium) ., 7= ¥ 4 4 B M (Cellu-
lomonas flavigena) .= BB %4 B (Candida uti-
LHB¥WATEEEREDEMRBEP O, RE
(Aspergillus niger) ANEEFIE LB ERAE.

1.3 #EHFE
1.3.1 #Fkk

DOAEEFHE(PDAOS . ATREAE . H
TARE HAFEFER . RBHOHEF.

DFEFWHFED . ATESHEANESR.

DFRABHIER FHFE: FEENS g,
NaNQO; 1 g,NaHPO, - 7H, 0O 1.18 g,KH,;PO,0. 9
g-MgSO, - 7TH,0 0.5 g,KCl1 0.5 g, B¢} % 0.5 g,

#18s/K 1 000 mL,pH 7.0,0. 1 MPa K& 30 min £
B ATFrER8FEERERIESR,

1.3.2 h#hEbBABmLEiE 7250 mL =
b mA 2.5 g 25, KH, PO, 0. 25 g,K, HPO,

- 0.2 g,MgS0,0. 025 g,CaCl,0. 05 g,NaCl 0. 025 g,

(NH,),;S0,2.0 g,50 mL %{&/K,#% pH fi,0.1
MPa K 30 min F & . UTHEHKEN 1 EHH
e

1.3.3 P HBpBHIASEEAL FHE 10 g
KH,PO, 0.05 g,K,HPO,0.04 g, MgSO, 0. 005 g,
CaCl,0.01 g, NaCl 0.005 g, BB R B E R F
(NH,),SO, . ¥ &} /K tt. #1 pH {,0.1 MPa X8
30 min JF&M. UTHERKRN 2 SHEHHE,

1.4 KBHZE

141 vH2MMENHEE BERTAE.Z6
AR EBEEVFEEM=ETELE SR
FHEFBEEEAIREHEMH FR . B
EMHALARGHZEMAS I AN EME 1 55
FR3 P (R BERBK 5 mL #FHD 7 30 C&H4
T, F 160 r/min K L3R 5 d 7 4 BT s
T.HRHEEE, AN EREPHTFES R, BIE
HERERMHAEEREATHIAHEREBER
R

1.4.2 ARBBEESASBFEHL HHER
THRIERME P18 pH H K AR R LB,
BEMNE ABERAPMESHAMHSEBRABERRWE
W, EEREE—-BHEEN, HEEHEKEN . AR
HNE 4 g/dL W14 pH 5. 8K EL 1 ¢ 2. B R EEFP
Hfl1: 1 MRS 20%  REERH 5 d,

BEARARMERTFERELELIRE#
A F (R FWREE R 10" 4 /mL, MEEIEEE N
10°4/mL) , BB AR E R EAE EHEME 2
SEFE A0 CHEBHEEBERAEPAR —EH
B EBUEE, F 60~70 CHT MERBE=YWHHEE
AR ESR. BMREBENSTTHE.4RA
HEHH.

R4 R I 4 R B 46 pH (R
ERHE AERNEX 4 AFE. S ELSRE#
TREEZR M.

1.5 SWA*E

1.5.1 AZxa#nzx KB GB6432-86" # 4T,
BAEER 2~3 g R 75 % M Z 8 40 mL £
1 h, 3404, F 4 000 r/min F &.0> 10 min, F &
FEBLCULET 60~70 CHT , BH#ITEARRE
538 E .
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1.5.2 mFgeME KB GB6434-86 #4T,
2 #R5it#

2.1 W AR A
RTAE SGOAE RARBVYER RIE%E
BREESHERAS P AENMEREI LR 1.
%1 TRAALREBENEBENLR

Tab.1 Comparison with the different cellulose-decomposing

microorganisms

B HEBMER/Y  HAEEBE/X%
Tk 29.52 16. 98
Pe 19. 04 6. 27
Tv 18.70 8.78
Cf 18. 50 8.12
Tk+Pc 32,04 19. 25
Tk+Cf 31. 68 20.02
Pc+Cf 18. 84 4,85
Tk+Tv 29.20 15. 54
Ci+Tv 19.10 12,55
Pe+Tv 22.42 12.18
Tk+Tv+Pe 29,52 14,75
Tk+Tv+Cf 30. 24 16. 47
Tv+Pc+Cf 20.18 4,44
Tk-+Pc+Cf 29,92 16. 95
Tk+Tv+Pc+Cf 27.88 12. 61

KB Tk ARTRE, Tv yREKRE,Pc ARBEE
FEE.CEHF-RTRBNE

HELITUEL . 2HR3HEBAENGE
KABENRKERTHEE, HPRTABEHAR
EFEHBEE(TkHPOMBETAESFHT 4
BHEHREAE (TkHCOMAGB WA RENBTTH
fhER. AR XFHESES AERZAE
S EMREEDREFEEMNBE, & TARE
MERMNARERERBHARAELRN . HHRS
BB T2 B 7, oF T 38 98 47 4 1 (5 R 6k
S, —ERLZHEMBAEMEIRK EER
FRE RAXEEMZRTEFEERNSAE
KT, T A A A AR 2 o il 2 b e A
HoOATMEHESZEMASHEESNRE. BFR
REREERTAEESFHAL A REREE
(Tk+COHFFTHEKR BERES LB,

2.2 TkHCIRABESEBERTABRGERL
2.2.1 KBEMIFASEHXRAT A REEM
EYERAMWYFELUEEBRB =Y ER. F
HEEEBEMNEEY R, ¥ B (NH): SO,
NH.INO: I R EH. i R B SR XY,
(NH), SO M RERREBRHAB MR BEEN, Hik

{5 4% (NH, ), SO SR B .

R RERE, (NH,), SO, BB RE=Y
FPHEORMEAENIBREHELmW. 4
(NH),SOBmMB/PMF 4 g/dL of, kK BEFY P E
B B4 3R AR 4E B % SR A0 BE B EUIR 4 1 TR
EFAENH), SO BMERN 4 g/dL B EEAMK
BABGRD) 16.47% K FEH 73.96 %, KA 4
BIr48025.13%, RN 17. 69%; H YA EH M
BATA%E  EEASENERK, MBS ERER
EHBA TR, XEAREEERNAEER, HEE
BoE MAAROREGERADERS, LE 1. X
RREHTRERBERENARSM M EY S B
S 4 KB A 0 AR BB A AT 4 R TR A
AHEm. B FEERKGBEES @B,
(NH). SO, ZE i B = 7€ 4~5 g/dL WEN,
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Fig.1 Effect of nitrogen source on the content of pro-
tein and crude fiber

2.2.2 s pHAES A SH R HHw IFiE pH
RS ELSEHHRREG RS, SIRENEE
WRAERE, EMEWEFYREARE. 5754, 35F
¥ oH H¥ A, L& WM EY S R FR0T,
E it pH EX A A KRIBRABRN EBRIRES
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Fig.2 Effect of intitial pH value on the content of pro-
tein and crude fiber
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HE2LER. S pHEMK TSN, EE

HEKREE . MYME pHERT 5 /L. EEAR
BB ML EM M pHEY 4~6 0, M4 4%
MR pEE pH AR TR, 4908 pH R 7
LT R R R RAR B . R B X S A
THRBRTH, EREFANES R KL,
BETAEMNBREEERNABEN R pH 4~5, Bl
EREK pHEXGT . ARTRTABENFEKE
KR>E: RO EEE T E KRB &SN
pH 6~7, %@ pHEA M T A Lo EH
AR FXHAENERETEER.BRSEH
AR, 40 B B B AR R SR A OB AR, BT DA ik i
REARESREHR T, 494k pHEN 7 1,
HEOBRBEAEET 16.25% K KN 71.73%;
HABRREDH 24.02% BB EN 21. 33%. G4
HEAMHEAENHLBR AR KRG EES LB
Hp i pH ERL R E 6~7 BHEEA .
2.2.3 HASEBEXRGEH BESKEIR
o EE K R 2 BRI DI R F S R
EAMTESEA G MEEE RiESEDERK
0B, W B0 E A T8 IR Y B S % R0 BB Y &%
BT ERBAR, A KRR Esy
AREHN -IMEEAER,

BB RATUFH, YK R 1: 1~1:2
B, BB A RKF] 69.58% ~72.06%, M4 24

. BEEmFEKF16.10%~18. 44% ., YBAKEKETF1:

20, M ERBEFEAAEE BV ESSKELYE
THREGFAKBAR, B MHE KK
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Fig.3 Effect of the ratio of material to water on the
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content of protein and crude fiber
2.2.4 BAWH(Th: COFABHRGYh &
GENEREHSHINERRAEXEHHFEER
Byt e AT H  RIBE R & R 4 4 R

fREEFP ISR, B 0 B0 2SS ) B R A G )L TT LR
FTARAALEEBN SR G AARBSHER K, 3
MR RBERR.
HREERTUEL BHEFAR3: 1~1:1
B EEAFRESEN 16.29% ~16.43%, MK &
H 72.09%~73.58%, ML R B BH 24.56%
~25.48% P& LD 16.55% ~19.56% ., M
TABNWEMWAKTFEEF gL REN , KERQ
BKEMEAAEEBERER  XRBTERTAE
EMLARER R TABERBEFRAPRER K
HEhE . MALEENEREFTEEH. MRS
B MBEELBER P THBI AL, X b2
AEENEBAEEREARN S RAAREER.
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Fig.4 Effect of inoculate proportion on the content of

protein and crude fiber ’
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Fig.5 Effect of inoculate volume on the content of pro-
tein and crude fiber
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hE 5 AR, ARSI BN 10%~15%
B, AEHMKEN 66.60%~T72.01%, FEMHE X
FI5%M, EEAAFT TR, SEATFEMEY
BoOABAMEARENK RRABEHERAS
BEmEEEFE AR EEEASRT M, &
BRT 0%, M ERBRE R, HHRE
A A o A K, PR AR 3R, A R R R
BOBRAES. GEEE, AEKKYEESREENE
FENMERE 5% ~25%MERN.
2.2.6 AHARSTASARNYH KERAMS
EWEBESFYTEARSE. RRAPSE, Hik
AEEMERK. SBEABREYPEA RS BB
REFEBE K A RAE N, A5 B AERE
REZFLAPRERRER AEAHRENE
FHLBIER 3 ¢ 1, RILE 6,
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Fig. 6 Effect of fermentation period en the content of

protein and crude fiber

mE 6 TLLEL  EBEARN 4 I, AEARRS
WEESF 16.37%. K HE 72.98% ., YRER
PBETAdN  REARES A TRES, X
AMHERARTAEN IR, RBRERTHERYE
Bz EHEHTRETR HETHRSIEKES.
HAag g BES S XEH 2451%, AR
19.73%, RE6dBf A RSB REES dHILE
AR, B RERMED 5 d GRS HEK, B
WAREWENBRT. B, ERKGEESZB
By & B IR B 7 4~5 d.

227 EXRARLRASHK BELRARRSE
BB RERREZMBEROERUALXEEE
B3 BT FEVHEAT A Bk AR R 25 0 B A R AR AR AL .
BIE Lo GO EXRFTERR BRI, BRAKFE
&2,

%2 EXRBERMKE
Tab. 2 Levels of factors in orthogonal test

B &
A B C D
xF vIta b E: 3y (NH,), SO,
pH {8 K B/ % REWEE/(g/dL)
1 5 1:1 15 3
2 6 211 20 4
3 7 3:1 25 5

Hb&ER - ABEE 30 C, 8K 1: 2, REFAY 5 d.

XT&@%#J&%%%NE&EE&%%J&?‘TX&I
R AAT G AT ERILE 3.

£3 EXRBRAERRLERSH
Tab.3 The results of orthogonal test and the analysis

A B ¢ D HEH BT N
RES w14 pH BRI B (NH,), S0, REW%E/ HEEKRE/ ﬁz;
L3V g 4 JE i e E (g/dL) (g/dL)
1 1 1 1 1 14.51 25.54 10. 04
2 1 2 2 2 15.58 23.82 12. 83
3 1 3 3 3 15. 60 24, 60 12. 07
4 2 1 2 3 15.78 24,25 12. 60
5 2 2 3 1 14.75 24.99 10. 83
6 2 3 1 2 15.51 24,53 12.05
7 3 1 3 2 15. 41 25.35 11.13
8 3 2 1 3 16.51 25,04 12. 54
9 3 3 2 1 14.17 24,92 10. 32
K, 34,93 33.76 34.62 31.18 B4 104. 36
K, 35. 47 36.19 35.74 36. 00
K, 33,98 34.43 34,02 37.20
ky 11.64 11.25 11. 54 10. 39 BF15¥.104.36/9=11.60
k, 11.82 12.06 11.91 12. 00
ks 11.33 11. 48 11.34 12. 40
R 0.50 0.81 0.57 2.01
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BESHEREZH, FEEMEBURERNE
BB R/MER A . (NH), SO, RES B > >
ERE>YM pH E., dEY, (NH), SO, G E
SEERKPAHBESEBENERR K, XE2H
F(NH), SO BB K NEEL WEEH KN
ARKAEA SR, W5 pH AR KBBR8
ANERIBEEM LR pH HEMEH R, R
MBI TFHRABEE—EHNEWES, WK T pH
BT KEBER RN W,

REELARBERMT, TkHCIRAEMH X
ﬁ*%ﬁﬁ"]ﬁﬁ%%#%} A;B;C,; D, Bl ] 3 pH ﬁ
HO6EERRLL 2 ¢ 1 R RB 82090 . (NH,), SO,
RESE S5 g/dL. MEXRRPEAIFIBEH
225K, LRE&MN A B,CD,, A;B,C,D;
5 A\B,C, D ##1% pH E#1(NH,), SO, i &/ ¥
HEH, ABRERITLAE 4.

®4 RUFARBERLY

Tab.4 The comparison of different experiment results

s ap AR AK  RRKE/ R
) a%/% E/ % (g/dly E/%

1 A;B.C;D; 16.33 72.51 24. 42 20.01
2 ABCGD, 1558 64, 60 23.82 21.98

MR 4TUFE,ABCD AN FTREMEE
AMKERT 2 SRR HAREREHET 2 5
KK, % EF AB.CDAHTHLRLERE 2 5
R, FE B 05 8RR B, TR 27 4 1 i R
ERANE, W A, B, C,D; B9 % pH 2 6.
Fibe 2+ 1. B R KB 4 8K 20 % L (NHL), SO, JF & 43
Bog/dL ERERKBERSABNRKTZ
&I

2.3 TkHCISHGEARTHRALBYR

BT R Th+Cf 86 8P B (R R B2 )G 25
FHABEERBSBNAMK AT E - L RER
B R B R R 8 Tht Cf REE— Bt
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£S5 MACuiHAn5kmMCutAn RS RILE
Tab.5 The comparison of fermentation results between inoc-
ulate Cu+ An and not inoculate Cu+ An

R HEH HAER He4% A%
B FR MK REERE/ %W
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