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1 #MR5FZE
1.1 EFE5ERE

R T A o AR 55 BT FH TR R 34 Sy g S Bl AR
THAS R %, 312 bS5 &R 3 b, RER
2 RO A RL ZEFLAT TR 4 bR, ERETR 3 bR, R RNRAE
FE 4 CUKAH, B3 AW LR,

KRG R H i SRR 901 TR AT,
30 g4 A 250 mL J7 Fffi, 121 C K& 20 min, &K
S I T BH—JE R I T, S AR BOE R S A AR
#OHEARSE N 1.76% M 458 4 8.80% ;
SERTRIIA T DU )1 45 e 2 i AR i g, R R
BN 36.93% , FEF4E &80 12.27%
1.2 &S BEMAEE R E M SR iEE

KA IR, 4 283 12 Bk R4 )
M T HEE LRI AT R A R, KA
PR 1x10° ~/g, ik 60% , il 30 C, &
%4 d,pH AR, BB EE 3 K, LLAR IR K
)25 R T2 Rt B 25 52 R e s R AR 1
i R W LA 4 Z i ( carboxymethyl cellulose, CM-
Case ) ¥ T LA JFUME & it A8 1k, AT 8228 R BE2
ZEAIAT RIS IEBE S TR PR D, #4503 1 PR IS R 8%
PR, I LA I 09 4 BB e SR B A Y TR
PP R A (A) o0 R Y 3 A5l A 1 TR
(B.C.D) #EA7 BB |, = P& 1 DY PR VR TR &2 C 7 3%
B EERN LB 151 (1101 100101 A
W3NEE, RBFANESH R REEWE AN E LR
AL IR IR 25 5 . M 1x10° /g, K BERTIE] 4 d,
BRI (m/V)1:1.3 55580 38 C, ALK&
5 & o E B FR , CMCase 1 74 F134 J500E S %
g, i AL AL A
1.3 EXHKBREBRELZEEG

KR IEZR R — X R REIRE (A) K
BFEN(B) JBLK L (C) Hfhit (D) | AR B L A
(B) 17 5 I E 4 KPR BRI (n=3),
Forp i | T A R)OREK B I IR R K T iR
EH2HERMEWE PR R LR 45 R,
KL AUG , WO 4 A i CMCase 1 7, F 4%
WAy 65 THET By EEE 40 H I, FHT I EMEA
Jo R JEOHE 5 i
14 BREEZBEHLABMEEEERMNENEN

AR 1E 32380 T HOL Akt TR 1/ R 8 S 48
X H A AT A A, B E 1 A IR (AR

BAh) , HoAh & 5k H — %, FAHK 3 AE
2 REEE ARG BOE 4 5 AE I 22 CMCase | JIE 48
fiff ( filter paper, FPA) | B — 7% % #% 11 i ( B-glucosi-
dase) | VE B i 6 1, B 2843 65 CTHET, By i i
40 I, 00 T 9 5 M K 5y M 2F 4 R g
1 RELEE 1T 3 OB
1.5 #5HRAE

W U R S B IR B AR 45 (i Ao
CRASE) K Ar HRR N ORLEE P BT ORLK 43 HLEF
i I 22 2 MRS TR BT AR o W B A L I
R B R ) 5 5 4k K W S B E bR GB/T
23881—2000" fi] KU BE 4510 K 7 /8 [P 400 B
SE U TN IS M S IR E R CEY
b2 S8 7 1 FEAR ) v A 28 1Y 0 by e I M 1
E
1.6 HIESH

B4 S H Excel 2003 i#F 17 %% B B A SPSS
21.0 Kb FE 434, BRLPR 3R O 0k 108 B A AT B A
T E 454 Duncan [REE ST 2 B LK IE
ARG AT 22 S0 M B T 22 0 B BT A R
S5O O B E £ 65 22 Ko, BE KT R P<
0.05,

2 H#RE55H
2.1 REREMEABMNIGE

12 i BT A kS S MR T A
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HoBhME 2 AMHERERFELMHEARSEMN
5.64% ¢ 3] 7.89% , $& 5 T 44.7% , i E & T H
TR A Z BEAL (P<0.05) 5 BT EE 2 K W4 i ™ 1y
CMCase 15 PEH 2.61 U/g, i35 i T Ho At 8 18 & 1%
H(P<0.05), ZiH % B E M & & CMCase
T PR RN JEOME B SR A, e R B 2 o i
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Tt b Hoe AR R WER Rl ICME AL

R A4 b BLCOR 8 M4k 0 R 55 & I H 2
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M3 KWeJG CMCase 1GHEH Y, W& & T HA 2 4
ZEHUIT I R BELH (P<0.05) , PR M 5E A 85 2 7 AT
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B AR 2R AT I P AL S Al e/ C. BEREA
WL rb TR I B 1 S ROMLEE BB R

T A 2 SR (P<0.05) , BERRPERIE EE R 1
VB R R R O A, iC/E D,

x1 HEBEESRBREZERFE(KTEM)

Table 1 The screening of single microbial strain for sweet potato residue fermentation ( air-dry basis)

gt b 3/ FHEE 1 ¥ B L 2T Ak E i
Strains Source CP/% CMCase/(U/g) Reducing sugar/%
BihE 1 Aspergillus niger 1 ENS U3 7.40+0.11° 1.38+0.03" 4.41%0.238
P 2 Aspergillus niger 2 AN S 06 55 AR 3T 7.89+0.07¢ 2.61£0.04" 3.95+0.17°
Kth T Aspergillus oryzae L PE R A 6.65+0.09° 2.36+0.02¢ 0.88+0.13¢
W ICAKRE Trichoderma reese AR S 50 R 6.56£0.10% 1.29+0.01° 1.26+0.33°
L8R %EE Trichoderma viride AR S 55 % R 6.66x0.10° 1.18£0.02° 3.82£0.18°
W 2R 1 Bacillus subtilis 1 D)L K22 FRIAEL 2B 6.5020.08° 1.01%0.02° 0.97£0.41°
FEZEMFTIE 2 Bacillus subtilis 2 PO A 7K = 2 B 6.0920.06° 0.90+0.01° 0.75£0.42"
T ZEMATIE 3 Bacillus subtilis 3 ENSW et Pl 5.79+0.03" 1.02+0.06° 0.60+0.21°
TR 2T B Feed Bacillus subtilis VY48 K =2 B 5.53£0.14™ 0.80£0.02° 0.72£0.32"
FR P B R 1 Saccharomyces cerevisiae 1 L PE R K 5.96+0.07°¢

BRI RE 2 Saccharomyces cerevisiae 2 NS =g U 5.60+0.09"

FERR 22 W Candida utili VU148 K =2 B 5.60£0.05"

XTRE (K K ) Control (unfemented) 5.64+0.05"

R A B B AR A F/NG PR 22 7 8.3 (P<0.05) MR P RR ZF A RE (P>0.05), 32 [,

In the same column, values with different small letter superscripts mean significant difference ( P<0.05), while with the

same letter superscripts mean no significant difference ( P>0.05). The same as Table 2.

2.2 RMLEBRFEMAARKIE

DIRE 2 M ERBEREKR(A) 5 2.1 8T
B YO0 B AR B EROR B (B) Al 2F LA IR 1
(C) FIEE B+ 1 (D) A 34T 1:1.1:1:1 M
1:1 01 XY IC, % 56 TR T 416 X H 585 i Tt
BRI G5 R 2,

M2 AT LLE W IR A A S 0 0E A B
FHLE, ¥4 i & e I R ML B (1 i i, ML A
J 5 g S ABCD A6, 1531 8.39% , Hik &
ABC 45,2 Pl & LB H Bl o &R H B i
Y 3 T HA R B 404 (P<0.05) . [AlIF ABCD
Y4 CMCase 1 PE B 3% & T HME MU S (P<
0.05) ,i5% 3.04 U, i 5B & 5 Fk ACD 414 i
flKAM(P<0.05) , A & 2 [0 22 5% K 8. 3 (P>
0.05) . L4501, ABCD 2H & & B H 20 75 3%
WA B e, TR E 2 BRI E M A,

23 EXRBER

KA L, (47) B IE iR 80 311, % 28k e i

JE R R FEAD R ORK B TR R R G X

BRI, A R R KT R R B (32,
34.36.38 C) KMERTE] (3 .3.5.4 4.5 d) JZFit
(2.5.5.10 .20x10° CFU/g) , Bk kb (1:1.2 1:1.3,
1:1.4.1:1.5) , B8 M & BC b6 (Rl 25 20 L EROK
B ORGRLZEAOAT I L ERI EERE 1=1010000 (1010200
1:2:1:1 .1:2:2:1) , 5351 A.B.C.D.E &/R., H
W2Zadr (£ 3)MEHA R RMEALEH,RD>
RC>RE>RA>RB, Rl H2 5 XJ % 19 J5 AL 2R 1 o &
RN B K, HE R R R K L, SR 5 = TR R G
B, PSR B, e e A R (], R AR R K (E
SR fE R A A A,B,C,D,E,, M CMCase R {H
A[LIE 11, RA>RB>RC>RD>RE, Al 5 4~ ¥ %}
CMCase i [ 52 i 2 A R B /MR IR & B IR B
RWET [A] OREK b 45 R i RN 2 G L,
CMCase K {H Al 19 4EH &4 AB,C,D,E,, &5
FHLEE 1 5T Fl CMCase R B Fl K {H, 15 1 il & i
BRI A& A,B,C,D,E,, Bl KB 38 C, K 5%
AflE] 4.5 d,BK HE 1:1.2 38Rl 1x10° 4~/g, 5 Fh
Fefgl o 1:1:2:01
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®2 TREHASEABMHELHEEAR.CMCase iFEMEFES S AN (X TFEAM)
Table 2 Effects of different mixed microbe strain fermentation on the crude protein content, CMCase activity and

reducing sugar content of sweet potato residue (air-dry basis)

[EEid HHEE 5 R LA Y R i S
Strains Crude protein/% CMCase/ (U/g) Reducing sugar/ %
A 7.77£0.06° 2.69+0.03" 7.46x0.72°
AB 7.86+0.03% 2.83+0.05¢ 7.53+0.48"
AC 8.17+0.09" 2.75+0.02" 7.56x0.59°
AD 7.97+0.08" 2.82+0.09° 7.89+0.39"
ABC 8.32+0.08° 2.70+0.04° 7.67+0.37"
ABD 7.93+0.10™ 2.52+0.04" 7.78+0.45"
ACD 8.06+0.07% 2.72+0.09" 5.86+0.28"
ABCD 8.39+0.07° 3.04+0.05° 7.37x0.30°

x3 EXHARERPBESTE

Table 3 The range analysis of the orthogonal test result

N e % W2 %0 Fermentation parameters HE R ¥ I LT 4 2
Experiment No. A B C D E CP/% CMCase/(U/g)
1 32 3 1:1.2 2.5 1:1:1:1 7.72+0.03 3.14+0.02
2 32 3.5 1:1.3 5 1:1:2:1 8.93+0.19 2.35+0.01
3 32 4 1:1.4 10 1:2:1:1 38.18+0.14 2.62+0.03
4 32 4.5 1:1.5 20 1:2:2:1 8.19+0.14 2.85+0.02
5 34 3 1:1.3 10 1:2:2:1 8.15+£0.23 3.33+£0.06
6 34 3.5 1:1.2 20 1:2:1:1 8.85x0.19 3.47+0.03
7 34 4 1:1.5 2.5 1:1:2:1 8.28+0.13 2.95+0.07
8 34 4.5 1:1.4 5 1:1:1:1 8.10+0.04 3.31+£0.05
9 36 3 1:1.4 20 1:1:2:1 7.45+0.11 3.24+0.05
10 36 3.5 1:1.5 10 1:1:1:1 8.21+0.14 3.76+0.18
11 36 4 1:1.2 5 1:2:2:1 8.69+0.05 3.16+0.05
12 36 4.5 1:1.3 2.5 1:2:1:1 5.56+0.15 3.46+0.02
13 38 3 1:1.5 5 1:2:1:1 7.82+0.07 3.34+0.02
14 38 3.5 1:1.4 2.5 1:2:2:1 8.09+0.02 3.40+0.03
15 38 4 1:1.3 20 1:1:1:1 7.97+0.12 2.80+0.07
16 38 4.5 1:1.2 10 1:1:2:1 10.37+0.16 4.12+0.05
HAEHAT CP

K, 8.26 7.79 8.91 7.41 8.01

K, 8.35 8.52 7.65 8.39 8.76

K, 7.48 8.28 7.96 8.73 7.60

K, 8.56 8.06 8.13 8.12 8.28

R 1.09 0.74 1.26 1.32 1.16

¥ F L AT 4 K CMCase

K, 2.74 3.26 3.47 3.24 3.25
K, 2.66 3.25 2.99 3.04 3.17
K, 3.41 2.88 3.14 3.46 3.22
K, 3.42 3.44 3.22 3.09 3.19
R 0.68 0.55 0.49 0.42 0.09
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24 RIREHABER

M2 4 AT, DL 5 1 ke H 8 i )5
CMCase .FPA | 3 — 7] % H 1 g 1 & 85 Bl 1 14 43 )
H 4.26.3.29 3.75 Fl1 5.15 U/g DM, 5 X] BR 41 4f
o, DA o o il MR S N 6.37% 18 5

1 9.75% H285 T 53% ; MUKW & BEA 2.71% 42 5
5] 4.92% HEFT T 82% MUK 7 kN 4.47 % HE 75
51| 6.56% , % eI HLET 4t & WA R W, 2 1T 47
T, M 9.64% 255 5] 13.08% ,

x4 RAXZBNEHEESFRSTLNME(THRERM)

Table 4 Effect of mixed microbe strain fermentation on nutrients composition of sweet potato residue ( DM basis)

B FE 47 Nutrients

Xt H&4H Control group

{584 Experimental group

HLE M BT CP/%

LG EE/ %

FEF4E CF/ %

TAIZ Y NFE/ %

MKy Ash/ %

B J5HE Reducing sugar/ %

R LAY K CMCase/ (U/g)
JE4UHE FPA/(U/g)

B—1 %) FE1 i B-glucosidase/ (U/g)
TR Amylase/(U/g)

6.37x0.01°
2.71+0.04°
9.64+0.09*
70.36+0.16"
4.47+0.03"
4.42+0.32°

9.75+0.09"
4.92+0.05"
13.08+0.82°
61.04+1.46"
6.56+0.43"
8.22+0.25"
4.26+0.13
3.29+0.31
3.75+0.31
5.15+0.14

3 3 8

AN T) ) B A 400 7 Tl V0 o 2 7 il R ) AN [
e T AR R & W H B AS [R] R 3 B [R] A A o 64
KW AW — It 4 80 12 R bR ET &
Tt , a5 R A Bt b i B i w2, R R
IO ES , ZEFRAT T A 5 28 AT 1 1, 19 Bk rp i R
Tt 1 OR BT, Horp 2ROt 25 BE 7 A E R L AT
e EE N A R R e 3L R RN
fiti S 2, DR AR & B rh AR 20z N H B i
B R S MK O T 1 2 i 25 TR bR, R B SUR AS —
R, KRB T oA W & 1, 58 ki 18 L IG
B R A0 KA A £F 4 2 i A OR OB 2
FURTRAVE A 45 A T, AT A 32 3l 4 ok 1) 9 A i
W AT DT 4 s ek i) 7 Ak % 3T 7E B i A A=
K g 4w mEMER T BE T4,
FERE N Tz, KR Wk 72 v e BE 3 B i B
AR AR RS ERFMEREEAR"

DA 5 H B PA R 2 A R, 50 BE
A 3 FhE A AT AR G R, KB AH G K
[ & R W I B R E i ) B O
F 5t & i Fll CMCase B G 25m THABAH S (£ 2)
AHrsEor , BIRRE S5 R &R A & W nl ik fh
HLIOAREE BT ™ 1Y B~ 250 B 17 a5 PR AN 2

R T B AOR R B R ey A e Ahamed
a3 G KR %S RUT-C30 5 Bl 5 LMA #E47
RE LB, &8 FPA W35 %] 7.1 U/mL, 555 &
[y 3.4 U/mL FHELEE & T 108.8% , ASHF9 & B
4 TR A Z W, RO T HA & B4l &, vl BE R A
TETZ WA G KR T &AW FhAH 5 2Z 8] 6 [#]

Tl Wy e b e R RS ) R R TRE KAy
TSR R RSO A B EE A AR
WFFEAA L, (4°) IR BRI H R T 4 Wik A
K T B e At % T 2 50, R 6 AR A5 0 TR AT 4 T e o
SHON R FRIRE 38 T, B g mt Al 4.5 d, Bk L
1:1.3, M 1x10° /g, M e 1:1:2:1, 4
A S A A A A SRR Y R S B A TR
W, AW iE S . KR E] 2.5 d, il K &
65% , FEAM it 10% , Ak 5 2F KT 08 . 7™ oo (B 22 e B
HIFLERFF B R 10100 B 5 A A3 A W A&
T R, &R AE B A 25 20 B RIS B oK ol 25 A
FZERFF R =5:1:2) BRI 0.5% , BHK E1:0.4,
K48 h /NS B AE

WA 25 20 R 7 WA 22 B | P s A o 2
FOOAT T 0 2 ot 5 TR O R T S R, R I S R TR
FEER SRR BERTR & T 108% , T % 2120
] T 5 v vh s n b i 0 R R RN IR R AE M AR,
Tl Wy E AT IR TR & B, LA R A AR e 3
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42.4% , B8 55T R WSS A WOk, K
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Nutritional Improvement of Sweet Potato Residue by Solid-State
Fermentation with Mixed Microbe Strains

ZHAO Hua' WANG Xuetao'®™ TANG Jiayong' TANG Xiaopeng' JIA Gang'
LIU Guangmang' CHEN Xiaolin' LONG Dingbiao® WANG Kangning'
(1. Animal Nutrition Institute, Sichuan Agricultural University, Chengdu 611130, China;
2. Chongging Academy of Animal Science, Chongging 402460, China)

Abstract; In this study, a solid-state fermentation ( SSF) using mixed microbe strains was conducted to im-
prove the nutritional quality of sweet potato residue and the optimal fermentation parameters was investigated. A
single factor experiment design was adopted to investigate the effects of 4 species, 12 strains of microbe fer-
mentation on nutritional improvement of sweet potato residue. Four single microbial strains from each species
were selected and the strain with best nutritional improvement was selected as the main strain to formulation
with other three strains screened for SSF. Orthogonal experiment design was further used to optimize the fer-
mentation parameters such as time, temperature, moisture, inoculation size and strain formulation ratio on nu-
tritional quality improvement of sweet potato residue. The results showed as following: 1) inoculated 1x10°
germ per gram fermentation materials with Aspergillus Niger 2 . Trichoderma reese ; Bacillus subtilis 1 ; Saccha-
romyces cerevisiae 1 at the ratio of 1:1:2:1, controlled the ratio of substrate vs. water ratio to 1:1.3 and fer-
mented at 38 ‘C for 4.5 days get a best nutritional improvement of sweet potato residue. 2) Fermented sweet
potato residue under the optimized condition described above and calculated base on dry matter, crude protein
was increased from 6.37% to 9.75% ; crude fat was increased from 2.71% to 4.92% ; the reducing sugar in-
creased from 4.22% to 8.22% ; Moreover, after fermentation the enzyme activity of the carboxymethyl cellu-
lose, filter paper, B-glucosidase and amylase reached to 4.26, 3.29, 3.75 and 5.15 U per gram dry matter,
respectively. Our results suggest that the SSF with mixed microbe strains offers an effective alternative to im-
proving the quality of unconventional feed sources such as sweet potato residue.[ Chinese Journal of Animal
Nutrition, 2015, 27(4) :1191-1198 ]
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