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Abstract: The purpose of this study is to provide a solution for the feed utilization of table leftover
food by studying the mixed solid-state fermentation technology of table leftover food and corn germ

meal. The detection indicators were dry matter disappearance rate and reducing sugar content. The
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single factor and response surface and other experimental methods were used to optimize the process
parameters of solid-state fermentation of table leftover food-corn germ meal enzyme, and the effects
of cellulase addition amount and enzyme preparation X1 addition amount on the dry matter
disappearancerate and sugar content of solid-state fermentation products were investigated by single
factor method based on the initial fermentation conditions. The optimum addition amount of cellulase
and enzyme preparation X1 and fermentation time were obtained by response surface method.
Twenty-four 22-day-old Arbor Acres (AA) cockerels of similar body weight and in good health
condition were randomly divided into 3 groups, which were fed the basal diet and the two
experimental diets, respectively, and the metabolizable energy value was measured. The results
showed that as the addition amount of cellulase increased, the content of reducing sugar and the
disappearance rate of dry matter increased. When the addition amount was 10. 5 g-kg ', the increase
of dry disappearance slowed down (P>>0.05), and when the addition amount was 13.5 g-kg ', the
increase of reducing sugar slowed. As the addition amount of enzyme preparation X1 increased, the
content of reducing sugar and the disappearance rate of dry matter tended to increase as a whole.
When the addition amount was 6.0 g+kg~', the content of reducing sugar and the disappearance rate
of dry matter both showed a downward trend. With dry matter degradation rate R1 as the value, the
response surface recommended the best fermentation conditions as cellulase: 10. 154 g-kg '; Enzyme
preparation X1: 90 g-kg™', solid fermentation time of lactic acid bacteria was 96 h. With reducing
sugar R2 as the response value, the response surface recommended the fermentation conditions as
cellulase: 7.842 g-kg '; Enzyme preparation X1: 9.0 g-kg™', fermentation was 96 h. The solid-
state fermentation of mixing table leftover food and corn germ meal, fermenting for 72 h at 37 °C with
moisture content of 55% , the dry matter disappearance rate increased by 19. 84% , the reducing sugar
content increased by 162.44-g ', and the metabolizable energy value increased by 17. 8% compared
with the control group. The results suggested that the utilization of solid-state fermentation with
enzyme and bacteria not only solves the problem of difficult drying of high-moisture table leftover food
but also greatly improves its nutritional value, providing a scientific basis for its feed utilization.
Keywords: table leftovers; corn germ meal; enzyme bacteria synergy; solid-state fermentation;
metabolic energy
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Table 1 Factors and levels of experimental design

1.2 BERFERY-EXARFHESEZBESGRL
1.2.1 PR ZFERXEK WItR Rl T2 FRHL140 g
BRF XYM 72 g FORIRZERT, B8 0 4k 28 Bl F [
AR WS X1ERAYA 5T 3450 mL ¥k}
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K FS5% , HH,37 CHE 9% 24 he, KBS K I &
T 7= ) T ) IO fie SR R OA DR 7 . S TR IR R
J 2% A, R R TRD 3R 3k 4 I F 9 4F 4t 3R G S
(0.1.5.4.5.7.5.10.5,13.5.16. 5 g-kg ") . ffi 1l 71
X1 (1.5.3.0.4.5.6.0.7.5.9.0 g-kg ) X [
R T 7= ) T 00 o oA it S RO TR 5 5
1.2.2 w1 43 BT 8 0 E 00 A B A A & I A 1
A o P R e A5 A, LT o R i 3 R
i JEORE & & R2 i L A, 3 #F Box-Behnken i i
A3 0 07 T 56 8 3 (36 1), DAk — 45 75 2 il 1 P [
B R Y E KR TR A B A K B i

&AM

(ES A-LFHE R IINEE/ (gokg ™)

B-X1#%m#t/(gkg ) C-A& B a] /h

Considerations A-Cellulase addition B-X1 addition C-Fermentation time
KF-1 Level-1 7.5 3.0 48
JKF-0 Level 0 10.5 6.0 72
JKF1 Level 1 13.5 9.0 96
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i — UL RS T RS ) /R TAL BT T
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LA A M ZR K R . I AT A R A A
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BRIREN 6. 0 g, 58 &V 5 % ARsdn Ffi b, 4 °Cle
5 o

3N B0, 2 mL 5 HEHE W AN 0. 2 mL Af il A &
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CAA XS E FETWE-2019) ) 477 B 8 55 T 2 1 e )
FER R (22 2) MK B iR o I RIS AR R S 2 B
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Table 2 Composition and nutritional level of basic diet %
T H Ttem 1-21d 22-42d
Tk Corn 51.83 53.09
M1 Soybean meal 36.50 33.00
i %y Flours 3.00 5.00
K53 Soybean oil 4.00 5. 50
BER E45 CaHPO, 1.90 1.65
f1#} Limestone 1.20 0.90
A4 NaCl 0.30 0.30
2 R Lys 0.57 0.15
AR Met 0.18 0.10
=R Val 0.11 0.00
2 AT YWIRE Mineral premix * 0.20 0.10
Pt &4k ] Antioxidant 0.03 0.03
A A NEHE Choline chloride 0.15 0.15
4 Z FUIR B Vitamin premix” 0.035 0.035
4t Total 100. 00 100. 00
B % 7K F Nutrient level®
fRIBHEE/(MI-kg 1) ME 12.665 13.193
HAE B CP 21.42 19. 86
5 Ca 0.99 0.81
R P 0.45 0.40
AR Lys 1.42 1.11
R Met 0.51 0.41
IR Thr 0.93 0.78
&R Arg 1.46 1.36
R R Val 0.95 0.90
EA M+ MER Met+Cys 0.68 0.65

LBAET YRR T v AR . Fe, 40 mg; Cu, 16 mg; Zn, 100 mg; Mn, 120 mg; I, 1. 25 mg; Se, 0.30 mg. ". 44
ZWUR AR A AT s . VA, 12 000 TU; VD, 4 500 IU; VE, 24 TU; VK,, 3 mg; VB, 3 mg; VB,, 9.6 mg; VB,
3mg; VB, 0.018 mg; {ZAR, 15 mg; AR, 39 mg; MR, 1. 5 mg; B R ,0. 15 mg. . AN IR, HAbE FRoK T SC il {H
¢. The mineral premix provides following per kg of diet: Fe, 40 mg; Cu, 16 mg; Zn, 100 mg; Mn, 120 mg; I, 1. 25 mg; Se,
0.30 mg. ". The vitamin premix provides following per kg of diet: VA, 12 000 IU; VDy, 4 500 1U; VE, 24 1U; VK;, 3 mg;
VB,, 3mg ; VB,, 9.6 mg ; VB, 3 mg ; VB, 0.018 mg ; pantothenic acid, 15 mg ; nicotinic acid, 39 mg ; folic acid,
1. 5 mg; biotin, 0. 15 mg. ©. Metabolizable energy is calculated and other nutrient levels are measured
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fit (GE, ISO 9831:1998) | f #} J57 %} /K 43 (GB/T
6435—2014) .CP(GB/T 6432—2018) .EE(GB/T
6433—2006) KL K 43 (Ash, GB/T 6438—2007) Hl
4 4 (CF, GB/T 6434—2022) . 2 M Uk % 4F 4k
(ADF,NY/T 1459—2022) % H } GE (ISO 9831
1998) .
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R
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b
e
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9
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34. 78&35 65% 35.23%

6 7.5
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AT Y A R R R AL T W BT R C XT BRI R AL R 52 s D, X1 SR AL

A. Vitamin enzyme single factor optimization of reducing sugar content; B. Cellulase single factor optimization of dry matter

disappearance rate; C. X1 single factor optimization of reducing sugar effect;

disappearance rate

Bl AESFHEZRBEBMXUFNENESFREY-FRIEIFH P FLEERN

D. X1 single factor optimization of dry matter

A

Fig.1 Effect of different cellulase and enzyme preparation X1 additions on fiber degradation in table leftovers-corn germ

meal
2.2 i A7 A B8
2.2.1  mw T ARE AL Y AL A 0 H®3 £

AL, X R T 5 B g R A A P A (prob™>F ) <<
0.002 5. R2 it J5 & & £ 8 P {H (prob>F) <<
0.008 8, 1h. B iZ A5 1Y 1 b 25 PR .t R 5. K 6 7]

R 5 % A R A Y e R R2>0. 932 3,
R2 3 J5 A 7 i A5 AU Y T &R 2 R22>0.900 2, 2% 4
TUAS 5 25 3 3R B O AR 0 BB R AT AT LT A b
FRIVTTTIN 0y Jo % e 23 04 SR 5 B
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Table 3 Regression equation analysis of variance (R1)

A5 A I Fi EET: )y F i P P
Source of variation Sum of Squares Df Mean Square F-value P-value Significance
FE7 Model 0.013 4 9 0.0015 10.71 0.002 5 Significant
A-F Y I A 0.0001 1 0.000 1 0.0859 0.778 0

A-Cellulase addition

B-X1 & 0.002 8 1 0.002 8 20.48 0.002 7

B-X1 addition

C- & P[] 0.000 8 1 0.000 8 6.03 0.043 8

C-Fermentation time

AB 0.000 6 1 0. 000 6 4.05 0.084 2

AC 0.000 8 1 0.000 8 6.07 0.043 3

BC 0.000 2 1 0. 000 2 1.33 0.286 5

A? 0.001 2 1 0.0012 8. 60 0.0220

B2 0.0011 1 0.0011 7.71 0.027 4

C* 0.0059 1 0.0059 42.69 0.000 3

5% 72 Residual 0.001 0 7 0.000 1

PRI Lack of Fit 0.0007 3 0.000 2 2.71 0.179 6 Not significant
W2 0.000 3 4 0.000 1

Pure Error

pe¥il| 0.014 4 16

Cor Total

F4 EEFRFESI(R2)

Table 4 Regression equation analysis of variance (R2)

75 5 A YR - J7 A H Hi EE ¥5 F{H P{i o
Source of variation Sum of Squares Df Mean Square F-value P-value Significance
T Model 7654.13 9 850. 46 7.01 0.008 8 Significant
A-£F 2 R 0= 75.10 1 75.10 0.619 3 0.457 1

A-Cellulase addition

B-X1 & 1315.02 1 1315.02 10. 85 0.0132

B-X1 addition

C- & T I 1] 4.385.13 1 4 .385.13 36. 16 0.000 5

C-Fermentation time

AB 125.55 1 125.55 1.04 0.3428

AC 496. 99 1 496. 99 4.10 0.082 6

BC 67.53 1 67.53 0.556 9 0.479 8

A? 258.37 1 258. 37 2.13 0.1877

B? 195. 89 1 195. 89 1.62 0.244 3

C* 619. 45 1 619.45 5.11 0.058 3

Bk 2% 848.79 7 121. 26

Residual

ES R 601. 96 3 200. 65 3.25 0.1422 Not significant
Lack of Fit

B2 246.83 4 61.71

Pure Error

Je¥il| 8 502. 92 16

Cor Total
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Table 5 Model reliability analysis (R1)

FRiEZ= Std. Dev. 0.0118 e R R 0.9323
3415 Mean 0.4430 TP E R AL Adjusted R? 0.845 2
R RR/ Y% CV 2.66 T e 5E £ $X Predicted R? 0.2386

K54 ¥ Adeq Precision 12.013 2

x6 HEEWEESMH(R2)
Table 6 Model reliability analysis (R2)

FrifE2 Std. Dev. 11.01 HeE R R? 0. 900 2

S Mean 196. 98 P e BB Adjusted R? 0.7718

R RE/ % CV 5.59 T ke 52 F AL Predicted R* —0.178 1
% Z Adeq Precision 9.3514

BB Ry R AR, EAT R A DT RS, A5 8 R R2=209.586+3.0639A+12.8210B+23.4124C—

WA R R1 XA 52 R A (S 4 R BRI ) B (i 5.6025AB—11.146 6 AC+4.108 8 BC—
R X Tds i) (CORBERS [A]) g = JT R m 3 7 2 7.8335A°—6.82087 B*—12.129 3 C?,
R1=0.4258—0.001 2 A+0.018 9 B+ 2.2.2 WA LR Y A8 HAR S A R A
0.0102C+0.0119AB—0.0145AC—0. 006 8BC — AR A5 18] 5 7 A A e 1 T PR L T 2 T R SR 43 i) DA
0.016 8 A*+0.016 0 B*+0. 037 5 C?; M 1o i R 1 VR2 A M L 18T 9 4 PR 2R 52 B AE H

Ory matter sappearance (%)
Dry matter drsappearance (%)
Oy matter drsappeance (%)

s

LRI
SHHLRD '0‘0" s

002030000000
».p,:.::f‘

[ p——

[ ———
sanceq ande. couseus (w8)

a'e en

AL LLRY g i o7 AR £F 28 28 i 8 A XA i 22 AR T B LA R S e O {8 21 48 3R S N A 5 e R 22 BAE AT CL LR iR
NEAE X1 a5 0 ) 52 FAE T s DL LA R2 Sy Wil 7 {8 2F 2 2% 1 78 0 55 X n i 52 F AR TS B B R2 Sy i 7 H 2 48 3R 16 45 Jin 2
5 A2 EAE T FL AR Wi R X1 05 I [1] 22 HAF T

A. The interaction between cellulase addition and X1 addition with R1 as the response value; B. The interaction between
cellulase addition and time with R1 as the response value ; C. With R1 as the response value, X1 addition amount and time
interaction; D. The interaction between cellulase addition and X1 addition with R2 as the response value; E. The interaction

between cellulase addition and time with R2 as the response value; F. Interaction between X1 addition and time with R2 as the

response value
2 MEEAAEEZEMER

Fig. 2 Response surface interaction of two factors
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DL W) 0 B A %6 R1 Sk e I {8 o e 4 % I8 2%
P . £F 4 2 B N & 10,154 g-kg XTI N &
9.0 g-kg ' KEERFIA] 96 ho LR J5UPEBE R2 A i i
(H B S A R WAk AP R BGVR N4 7. 842 g-kg '\
X1AIAE9. 0 g-kg ' & EEMF ] 96 h.

R A B R ORIR ZERNR A S LB R
KA E5% 37 CURBE T2 h & T o AR
T W 5 W A R Sl 23. 61 % , i B 21 Wy I A RO
43.45% B0 B4R & T 19. 84 %6 5 X MR 4 A8 5 pE
N 45.65 mgeg LI A R BB RN
208.09 mg-g ', FE X BELLHR 5 T 162, 44 mg-g ',

2.3 EXFRRYESEBEYRARIGEENE

FHEE 7 1, JERIARR XS AME A 13. 51 MIkg ',
KEBERLFATY-E KK ZENA AME X
12.14 MJ-kg ', R BERE SRR B - FORMZE R A
AME 12,62 MJ-kg 'c M3 815 Hi R & 4% 5 )
REY-FEARMZEMATFNFER AME }8. 94 MJ-kg ',
R TR 5T A B - ORI ZE R A 4 R AME
J310.53 MI-kg ' HAREBAMIL  BREFHRE
W - K IR 25 R 2 TS R I8 I 1 R TR DR LE R R
A AME $2755 17. 8% .

K7 ABERESREBERFREY-FRIEZFAERE RIS

Table 7 Metabolizable energy of white feather broilers fed solid-state fermented table leftovers-germ meal diet

i H R BE/ (MIkg ) SEM P
Item AME ) P-value
S filh 47 4R 13.51° 0.198 <0.001
Basic feeding grain

BRI AR EY - ERI 12. 14" 0.174 <0.001
Table leftovers-germ meal diet

J S SRR B - ORI ZF R 12.62" 0.121 <<0.001
Fermented table leftovers-germ meal diet

R FFINIEAR B R VA G AR
Table 8 AME of diets to be tested

R DN ) A FUALH R/ (MTkg ) SEM P
Item AME P-value
BRFREY-ERIEZ N 8.94 0. 050 0.059
Table leftovers-germ meal diet

S B ST R B W) - ORI 2 10.53 0.341

Fermented table leftovers-germ meal diet
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B P A 5T 3R W, 4 o 0 A £ A Dy 3l Rk
W E Ko H R K (70%~90%6 ) F1 5 J85 ik
SRR 2 T HDRME R o SR T T 3 IR
S T Kb B R}, T B — S B KO TG 2 T 1 RS 40 K
MY ERATHEY , KRB UBEFREYN
Fh K H 5 3 R OR IR 2R TR A 1A T I B 0 )
R , 3057 R H A 5 ) A B 0 e K o e L W R
fiff B U ) A T A BT K A T 2, BREFREY
SR a Sl = SN = 7/ DI SR A !
R WL, WP R EE T M E S TR &SR

TR R 1) 7 5 A (L, 185 4 5 0 s £ W A R4k 7
(1) B AI0EL

i 3 il B P Rk R A W) T 4 B AR R A DB
A HLER , 245 I A A R AR R ) BT
B AT WROE & B, 7R IR B IS & AR & o
N EF 2 T T T R -2 LW LYl S I A B IR
T S KF D, 2 B AR T S FF UF o NDF L ADF % &,
il 32 HFF 5 10 G5 A K A s B A R TR AR
Ao T BUESE K B, FI R ) FLAT B TR
P[] % SR T 41 4k 3R R o LB R A
AR AR AR, 5 IS T ORLZF 4 M NDF 9 & ft .
R TR 5E & B, R T U TR S K I S R
FHHIREES KBS S/ FHERSRDE
RS, B o A 3R T . A mT U, 27 4k K i 7
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Sz T A B G 2T Ak RN XoF [ A7 2T 4 o 45 3 O B A
F o R sF £F 4E 25 i 7K A 21 46 25 7 A4 00 2 26 0 T
B2k sh W R 10 A SR 8 K fige 7 ) K SR i B 4 R
PG . BRI, £F 4 28 Wl 2 A 0 K T A 3 v 1 4
Wi T 3 it o 75

K R ZE R B LT AR AR DL AR g RO £ (Y
57%), R B4R (L 16%) MARTRE (L42%),
L 2 £ Y 2% RN 2T 4 3 0T LG S A Bk A
bk W] & TR, FH T A 7 e BEIN{E ™ S . Chen 4§
WFox R W1, 5%t BRA 7 2 A LA L BRI A A
Fi G B T R OK IR 2R 0B R L A B
K WEA8 W5, S T 7= rh RLER £ RRR V4 1k 25 1 1 %
SN, £F 4 R AR 5. 0296 3% 50. 74 % .

AT, B 2 2T 4 2R R R0, T R R
fift S5 R0 JEOME 25 B4R R UE 41 4k 3K W AR K i ROk
RZEMILT e h R E HEAE M . AR a4 R
it 5 W R X1 Eh R LR T S AR SR EY
5 R RNRZERT, T 9 0 A R 4R 5 T 15. 6200, i85
WS EE S 7 114.85 mg-g ' MW EF 4 438 1o B
TR IR S M B 5 K TB AR E 1Y A TR 5 4, L 4T 4
ESTNRIE SR S | FN SO A BN S
R DR, S B K B R A AT A TR B A 4 L
FEREMH W Z WA & . WA EEBEWE D, MY
H 23 43 W 22 Tl 25 D O ik A2 2 1 [ 25 R R [ S
2 T it o) ) LA e ) o R I RSl
T 0] 25 e T A O R XL A R T A 0 s ) S A, BT
PR MR . AW IS KB, 76 45 4 R i 2R
S T [ 2 e W AR R0 XL T R — 4R v T R

AT DL A8 TR A 1 R K R ZF R 48 i B B I
A e e T 1) o i R T A i B R L
T P I 1 2 e Ak B 18 v v 2T A R JEORE R
WHE A RO .
3.2 BEXFERYESEZBYRIENE

SR JH T AT I T) 2 T Ak 8 A bt DR T K i B 7
TR RE A . XA 35 R o & B, R FH i B 0 ) T
RO A AME S8R KRR FiR . RIE
AR S S B, SERF R 2 R BEALFR S L S AME H
7.41 MJ-kg '8 % 8. 51MJ-g ', B R SRR S
R, — S IR A 25 10 e R O, 0 3R R R
MAFRD, BB R H TR 2 B AR s FR KR E
Py 2 R AR B SR B 2 R . AS R AR
B2 K W b BT, AR G AR B TR B A AR K 2

S, 3 AT RE 5 TRk RO B Bl T I R R LA S I
T2H K ASWEE A A 4 0 T2 R R X1 &
FLIR A B R PR R R A R SRR B S
KR ZEHR S W, R B4R T K ™ W 0+ W i
e figk 3 R0 JEUWE &5 B, 00 T L2 £ A AT A
[Fi) IR 55 S IR 4R B T SRR A 4 el b i T R E
R A A REE T 17,800 X ULH] il
1o 22 Tl 21 2k K fige W 2H 5 B 4l FLR R TR IR SRR
T 20, TR A7 Bl e 2 2 2 DR R (EL TR 0 A AR R
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G b RSB AR BT R (5 B A
U T 25 K 3K P4 5 R A B
W ) 4 B 9 425 4 R 0 R UL
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