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W OE. KiXB S ERAILE S LB T RAFH(SFFSC) # 4] & T ¥, JF#F % SFESC # 1~21 H #
M ARG BREARANT G Y w, RAER EZRXBRZ KB E A BEE, 7H7J<H:
BB F RSB AE S TOAT R B A K B T RAT B (FSC) Bk A& M (CGs) & R 09 %
BB EREAME 3 ER R BAKSAT ERAL B T L HATRIERY KK E, /gh]
FSC £ B /60 CGs g o w4 &, 1 B#HAZ AN 180 R, M5 A4 3 8, F46
NEL,HEANATE0 A, xR R B KB40 5 ) 4R 4 10% FSC(FSC 41) #= 10%
SFFSC( SFFSC #1) #93X I 44, X34 21 d, 4 R 2 7. SFFSC ® AL # & T ¥ 4 K B #f [
72 h RS E 39 C HKI1.0:0.6 EFF 4%, Birfoy RKXABLERLS EXRXBLERERFR
2% (P>0.05), FSC 2B 5% ¥ )5 ,CGs BLIx £ 4 93.66% ,#.%& G . % A=t lg s &2 R
FREZH(P<0.05), Harm@iatart SFFSC 40 1~21 B# W% RIKE(FBW) . F3¥ B E
(ADG) .-F ¥ B k22 (ADFI) % 3| 2 % %1% 6.90% .7.26% .1.99% ( P<0.05) , ¥ £ L (F/G)
F ¥ 6.15% (P<0.05) ;FSC 41 1 ~21 B # A % FBW ,ADG, ADFI 4 3| £ ¥ %1% 24.69% .
21.77% .10.86% ( P<0.05) ,F/G % %3442 10.77% ( P<0.05) , 5 FSC #2848, SFFSC 41 1 ~21
B # P 2% FBW ,ADG , ADFI % %] % % 32 % 23.62% .18.54% .9.95% ( P<0.05) ,F/G % & %1k
4.17% (P<0.05), G xr@a4ak SFFSC 2021 B# A B b F 2 X G (TP) LR KEEG A
(IgA) 2 BZHKEEG G(IgG) AT EZFARBE(P>0.05), 28K EEG M(IgM) 422 H IR G
5.26% ( P<0.05) ;FSC 21 21 H # A% & 1gG A\EE%F&M@ 20.95% ( P<0.05) , 5 FSC 4148
Yt SFFSC 48 21 H #% K 2 o 7 1gG #= IgM SRR ER G 25.38% 2 6.67% ( P<0.05) , 5
MR 4aAA ¥t | SFFSC 48 21 B #5 P X8 dn 75 ¥ A2 R AL 4 B AL B (T-SOD) M & =8 (MDA) 4% &
FEALR /1 (T-AOC) £ F R 2 % (P>0.05) ; FSC 21 21 H # W % o 75 T-SOD & % B % %A%
3.72% (P<0.05) ,MDA 4% % % 3 m 16.29% ( P<0.05) , 5 FSC L4811t , SFFSC 21 21 H # A
X o 7F T-SOD & 2 F# % 4.67% ( P<0.05) ,MDA 4 % % %M& 15.97% ( P<0.05) , 4 EFf
it , SFFSC 4] & T ¥ A K BEafJa] 72 h K B3R E 39 C AR 1.0:0.6 #:4r 2 4% ;FSC £18
WL EEBELIL)E ,CGs BLIRE 4 93.66% , & AR K E A RBEIWESEABELL T
A A FSC 2 1~21 B# A8 A KA 2R A IANTD G RA
KB BSEABRRAH,; TEHRAA, A, A KR, 25 AL
FEHDES.S816 X ERFRIRED : A XERS:1006-267X(2021)01-0257-13
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S 33 &

A SRR = 2 3R F O £
Free ke BBz — i & e R E
J5i 4] AL Ji L (unconventional protein feed ingredi-
ents, UPFI) B2 1 by I P 1) Ak 6 U5 A 50RO —
SERERE T 9% i 4R R GRDREEORE B = A BOIR
Hh L BRI 32 A R [ 2 — R FR E PE b e
M DX R R R A 22 SRR R DR KA PR FF B
MEME Y, KMEA RS &N 32.2% ~
34.8%"JE T WL AL b JRME UPFI™ |, KT, FSC
Hy 3 B E IR B —A JUBE 1 (cyanogenic
glycosides, CGs) , #& K 1 FR il T 78 3l ) 18] fe rh
R % ST e B T AL B ET DL BEBR UPFI
CANARAF DR SAF DRI AT DERI S5 ) h 308
IR cEE SR AN . O 16T K BT
BEMIBIBF ST £ 56T CGs 1 B BR1 , 4 & B
IERIA R =i N R f A R T e AN T HE W2
WE TR bk 2 e b h 5 A LS, B AR R 2R A AT
AR R R BT AR . BT ARG TR FF D
RN ARG A KPR RE | A 9% S 4804 B RE 52 il 1) T
SEiA . L, AR 5 DL R AT UF ( flaxseed cake,
FSC) hME— & BN, LAAK RE 25 J00 4T 18 o & e T
e, oAk 25 & WV RO UF ( solid-state-fermentation
flaxseed cake , SFFSC) B il #& 1.2, I+ ¥ 9% SFFSC
X1~21 H & RS AR PERE | ey Lt A LT
SR, LU UPFL BT A R A 52 %

1 #MR5FZE
1.1 R

R T TR o ity 2 FRLFT TR R RO B A
PRI ST BT B8 Bl R T 1A BA 4R IR 2 TR TR
Hh ] A W o b R S P B 2 A 3 A A W
(CGMCC) B &1t~ 18230,

B AL AN TR A R AL (LB B3R 45 ) it

Rili FF H A B3 A BR 2 w) Bt

KEEE Y . FSC ih WA e i B B B A
[{R/NISIE 72N

U4 AR« Hh b RO B 2 B DRI 58
A ) e I AT BN A B A

R shY .1 HIRPFE R AR AL KL TER
ARRA At
1.2 SFFSC fl& T
1.2.1 RREFRAR

KGR 71, 43 AR 5T A W I (A] | 4 1 Ui
JE CBLZK L 2R £ Xof Ak R 2 AR AT T [ 2 e e A R
FSC Ml CGs 540, LA CGs & &8 N PN 545
BAPRHERES MK BKPE3ANER, B
PR EANR AR R 10% KK 1.0:0.8 &
T 37 CANAS | B & BB 0] 43 518 2436,
48.60 .72 h, ¥R 5T A I B[R] X & e 45 SR 1 552 il 5
Fraefh i 10% B K 1.0:0.8 L BN ] 72 h A
ARV E K R B 43 31 R 31,33 .35 .37.39 T, 4E
5% R T kX 2 T 4 R 1 B2 5 (R i 1 b i Ol
10% KB BE 37 T R BERTE] 72 h A2 1558 K
K434 1.0:0.6.1.0:0.7,1.0:0.8,1.0:0.9
1.0 :1.0, BRFUEIK LU X & W45 2R 1052 ) 5 D45 & 8%
WRBE 37 C RFEERTA] 72 h BHK L 1:0.8 AAF %
TEFER RN 2% 6% 10% 14% \18% , ¥R FT 4%
Folr b XoF o TR 45 SR PR R
1.2.2 IExE

7E AR R0 0 A SR IE 32 56 X A
FF AR T W S R B FSC i T A At dk . LU
CGs T HHEHR, R Lo (3") IE 383 56 %) & [ B
B (A) KEEREE(B) BKIL(C) Hfhi (D)4
MRBEHATIA, B R 3 A K, #5173 7K
Va4 HRIEACRE, % 18 L,(3") ERRE T
KRR,

F1 L,(3) EXREZITERAFR

Table 1 Factors and levels of L,(3*) orthogonal experiment design

# Factors

¥ Sz T ] KR Bk H HeFli
Levels Fermentation Fermentation Material to Inoculation
Time (A)/h temperature (B)/C water ratio (C) amount (D) /%
48 35 1.0:0.6
2 60 37 1.0:0.7
72 39 1.0:0.8




1 TR . [FAS KWW RRAT O T 20 B 1~ 21 H il XS A KM RE | G0 St Ak D B 10 5 i 259

1.2.3  BuEE My Kl

YRR A & i T2 AT 50 IR, 3 3
AN T SE R T FSC  CGs &, I Ak
WEBET B EBIRYY KE 30 kg #1779 Kik
B KWL . REEITE] 72 h R EEIRE 39 C Rk
It 1.0:0.6 FEFP L 4% ; X AL . FSC AN AT AR b
B, B3 AERE, REG R AR,
B A 50 rp 4 4R A 2 CGs & /911155 CGs
FR R RE 2, [R) B 0 S R AR 10T | 22 K REL B D7 DR
YR

CGs % (%)= 100x( Xf FZH CGs 7t -
KA CGs &rhh) /XN HE4 CGs &,

1.3 SFFSC 3 ABEKMER. FRETAL
Ih e B9 % i
1.3.1 R S5 iR

PEHC 180 H 1 H AR5 N A XS, Heh in A
FICE S RN BEEHL % 3 A4, [dl 6 N EAE &
AEE 10 JAg, w5 A 21 d, X JE 4 e i
o oK — 7R A il ) AR 5 2 A AR PR Y 10%
FSC(FSC 4H ) F1 10% SFFSC ( SFESC £H ) )iz 56 ]
AR M 51t 0 AR AR 35 2 28 (XA 55 A o)
(NY/T 33—2004) Fc il , 17 4 5 5 7K AR 5 v [
TR P rh B TSR T A, 45 1R 2 R S 7
KFELER 2,

®2 ERERKREFKTE (KT EA)

Table 2 Composition and nutrient levels of diets (air-dry basis) %

i H Items

%t B84 Control group

FSC #4H FSC group SFFSC #H SFFSC group

JE Bl Ingredients

Tk Com 55.53
THH Soybean meal 36.46
T JFRFFIF FSC

18] 1A 2 T MU JFRFF BF SFFSC

K5 i Soybean oil 3.84
BEMR £ 4% CaHPO, 1.96
DL-H %R DL-Met 0.22
L% /R L-Lys 0.02
1 ¥} Limestone 1.15
& NaCl 0.28
S AL AHE Choline chloride 0.10
WA K Zeolite powder 0.32
TR R Premix" 0.12
411 Total 100.00
35K Nutrient levels”

fRifE ME/ (MJ1/kg) 12.54
FLEE BT CP 21.50
5 Ca 0.95
MW TP 0.69
B AP 0.45
FEAR Met 0.52
W4 R Lys 1.23

51.14 51.14
30.00 30.00
10.00
10.00
4.60 4.60
1.90 1.90
0.21 0.21
0.22 0.22
1.15 1.15
0.28 0.28
0.10 0.10
0.28 0.28
0.12 0.12
100.00 100.00
12.54 12.54
21.50 21.50
0.95 0.95
0.72 0.72
0.46 0.46
0.52 0.52
1.23 1.23

1) R R AT 5 A AR $2fIt The premix provided the following per kg of diets: VA 10 000 IU, VD, 2 000 IU, VE 30 1U,
VK, 3.0 mg, VB, 2.0 mg, VB, 5.0 mg, VB, 5.0 mg, VB,, 0.02 mg, D—{Z 8 D-pantothenic acid 15 mg, fH R nicotinic acid
40 mg, "FR folic acid 1 mg, =¥ & biotin 0.2 mg,Fe (as ferrous sulfate) 85 mg,Zn (as zinc sulfate) 68 mg,Cu (as copper

sulfate) 10 mg,Mn (as manganese sulfate) 70 mg,I (as potassium iodide) 0.5 mg,Se (as sodium selenite) 0.3 mg,
2) B 3KF i B (E ., Nutrient levels were calculated values.

1.3.2 fAFFEH
TR T E RO L 2 B R 1 Ak 3 b

17, PR AG & AR 7 . R A% 3
JEEEXETR, B 10 KXY, 5 1~3 KEK 24 h
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R il

IR E 3 RIF I 23 h ORI AR FORDIR , A
H R AL UOK RS, A ROk, AKAEH S
BERORT 3 d MR AERRTE 33 °C, M0 )E B A AT
2~3 C,HF| 24 T, I 4EFEAE 24 T, MIX R %
HITE 50% A A7, 10 R 1] 245 BRI G & T AR 45
PRI H R AR R LR R AT . B R R AT il R WL 5%
IESRAE T HE B ] B S R 4 B i S 4kt | 4 k)
DL R A WA KPR RS R
1.4 MEIRSF*
1.4.1 FSC 5 SFFSC " 32 5> & CGs 7 i 1)
i

Z M GB/T 6435—2014, % H 8% X 45 46 i
FE T Y5t (dry matter, DM) &1, R SH4 A
Bl AAC M 8 T A i, R FH R4S L I R
S, RARKMEENEHEN S/, =
M GB/T 22492—2008 [ J7 00 2 K5 &t

%2 GB/T 13084—2006 F . (4,3 1 & CGs
i, HAK D BR a0 R v 6 AR B 10 g (O B E
0.001 g) KESL T 500 mL = P Z8 B b,
A 250 mL £ F/K, B0, EEIRKE 4 h 5,
A 20 mL ZPREFEWA 2.0 ¢ AR, % T
HCA-300 ZYjReZs i an , H1T2810 . R BEE T
widli A A 20 mL 20 g/L & A k8% WY
250 mLAETEIRR I , W8 281 29 150 mL i,
BURNHEIE L, S HE I E N R R T 2B &
250 mL A&, HEE F/KES ., B 10 mL
RRMAERET 25 mL O T A IS AEIE R,
WA AN 1 mL 10 g/L AL SN 1 7
Py kA 7~ W, FH TR 5 TR 22 18 R &= 40 A s T
5 mL# R £h 28 ¥ W, 37 C 1H IR K 1 B b R IR
10 min, JLA 0.25 mL S/ T &, MERHIR A
BI5) JE 5 ming SN 5 mL S5 40 R — Nk v
VW, INEB K E 25 mL RS, 37 CHEIEKB
BT E 40 min, A 2 cm @M, DI R F 00,
FI K 638 nm AL E WG .
1.4.2 AKMRE

ST ARG 1R 21 H LU E R B FR
H 0 R ECR i A AR AKE (final body weight,
FBW) it 5 ¥ H 1 & (ADG) F ¥ H R & &
( ADFI) FlELHE L (F/G) .
1.4.3 I3 S b A b He b

FERAG 21 HIGE A EE ik 5ixE 5 7
PR E BT AXS 1 R 10 mL, EiRFHE 1 h

J5,3 000 t/min &5.0> 15 min J5 /3 & Mg, RMHH
377600 4 [ S A A S B AN A2 i3 SR T (TP) |
B IR A(IgA) AfEREH G(1gG) sk
EAH M (IgM) & &, I07E & A LY 5 1L i
(T-SOD) IE 1 .5 — B (MDA ) & &8 Fl M A [k fE
(T-AOC) #4Jk% H 1 G e, 1 7) 6 0 T e ot A g
W) ARSI F BRI B EAD BRI T I E
1.5 HESHITESH

K SPSS 20.0 F A4 X 560 K4 17 B R R
7 224307 (one-way ANOVA) , Xf4H 0] 22 7 B FH 1Y
¥8%5, i Duncan [QEEPETZ HE HLE . LL P<0.05
1B Ry 22 5 1 35 PR W b o, 3 38 50 - 24 (B +
PRUEIRZRIR .

2 BER55H
21 BAZRKKELER

WE 1 PR, A AR BERE )R & B FSC
CGs 2R B E (P<0.05) , fE—ELH N L
S eI ] A 384T0, % % FSC h CGs & B Wi FAIK
T LT AR ke /0N | 1 38 3 56 vp ke I S ) ]
WE N 48.60.72 h, WE 2 Fin, AW & R E
T &M FSC ' CGs &2 7% 3 (P<0.05) , fE—
R L PN Bt A T L BE 1) T i, & T8 FSC P CGs
TR A T LT B R R )N | T AR R
Hh G IR B T B R 35.37.39 C . WA 3 s,
B R 1.0:0.6,1.0:0.7.,1.0:0.8 i} & B FSC
CGs &AMl HW ZFMTRKIN1.0:0.9,
1.0 :1.00F ( P<0.05) , £ — & 71 [l Y B & B K H i
A, &8 FSC " CGs & & et R AL 5 BT, IE
ARG PR K AT E N 1.0:0.6,1.0:0.7,
1.0:0.8, WKl 4 fFrox, # A& 6% B & B FSC
CGs R EMTHFEN 2% 10% 14% ,18%
Bf (P<0.05) , #E— 5 . [B]  Bif o 2 Pl i 35 L &
¥ FSC ' CGs &G T I B I, IEAC IR 4%
Pl it AT EATE 6% 2547
22 ERKEER

[ & W FSC T A Ak IF 28 1050 25 5 EOW 43
BrL2 3, il 25 (R) [ TN, Fe 52 i 3 KN, 45 &
FESHTHEIT R - R W B > P o) () > 22 o it > )
K, K TR (] RD 2 e 8 B 1) 5% i) g AT ELX &
P 235 SR %) 52 ) A8 K, R /K BL R4 P i 1) 5% i 7 A
i H O kWSS R R /KO AT g,
A3B3C2D3 Wi g B AT {f CGs 7% & K 2] ALK
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- BRI & EERE ] R 72 h R BEIRE R 39 T klK
b 1.0:0.7 FEFh 8= 8%, K 4 AT A, A RS
7K 3 #9 CGs & = it & % T A ] K 1 Fn 2
(P<0.05) ; KFBREZE KT 3 B CGs H it b FH LT
REEIRIE K 1 1 2(P<0.05) ;5 BHK 4 K ]
) CGs S22 5 AT (P>0.05) ; FEFh i 4% K
[ CGs T ZR AR E(P>0.05), KB E
FE BT [ X CGs & it Y 5 18 3% ( P<0.05)
WP 5 1 B e ek B R e B T e (A K A SR e
() 2 B2 8, BIELEE Ry 39 °C INFIA] Ky 72 hy K [
I b X & T 25 SR S i R B3 O T Ak
PR EBCRIK [ 1.0:0.6 JER R A% 1E N i A&
MR TESEL, L5 b, M5 296 FF 14 15 2 & B FSC
BiBR CGs Ml T 200 . K WERTE] 72 h & B2 IR
39 C KK 1.0:0.6 #EME 4%,

—
(= =T -]
=R

EEBETEE

CGs content/(mg/kg)

(-]
(=]

(=]

24 36 48 60 70
Fif 8] Time/h

BARAEAREAM R NG FRR R ZF AL FE (P>0.05),
RI/NG 5 B 45 2 5 3% (P<0.05) . FIEIR.

Value columns with the same small letter mean no signif-
icant difference ( P>0.05), while with different small letters
mean significant difference ( P<0.05). The same as below.

B1 EEAEXKXE FSC  CGs 2 EHFN
Fig.1 Effects of fermentation time on CGs

content in fermented FSC
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B2 ZEREXXE FSCH CGs R ENHM
Fig.2 Effects of fermentation temperature on

CGs content in fermented FSC
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B3 #lkIb3%&E FSC F CGs §EM# M
Fig.3 Effects of material to water ratio on

CGs content in fermented FSC
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#ME Inoculation amount/%

4 EWHEXAE FSC | CGs EER M
Fig.4 Effects of inoculation amount on
CGs content in fermented FSC

2.3 WX KIRBEER

I AF K B I 15 CGs & N (33.42 %
2.05) mg/kg, 407 22 4381, Ho 5 15 38 i 56 v Ab B
A3B3C2D1 ) CGs % & [ (38.78+0.20) mg/kg ]
ZHEAEE(P>0.05), PRI RIWFK S5, &
T2 CGs & M (34.78+1.86) mg/kg, 77 5
Mr, H 5 1EA2 R 56 H 4L B A3B3C2D1 #Y CGs &
[(38.78+0.20) mg/kg] Z R A E (P>0.05),
FSC & itk & T. Z kb ¥ J5, CGs & &
(548.47+8.76) mg/kg F# % (34.78+1.86) mg/kg,
CGs 5 %15 # 93.66% ; [7] I}, FSC & 3% 4 i 45
s AP 2K KD & 28 B E RS
(P<0.05) A4 5 &AL (P>0.05) ,
2.4 SFFSC XA 38 4 < 14 B8 19 8200

FH % 6 A] 1, 5 X 40 A0 L, SFFSC 41 1 ~ 21
H 5 A %% FBW .ADG , ADFI 43 %l i % F44%6.90% |
7.26% .1.99% (P<0.05) ,F/G i Z 3 6.15%
(P<0.05) ;FSC 41 1~21 H ¥ W% FBW  ADG
ADFI 43 51| 58 3 P A% 24.69% 21.77% 10.86% ( P<
0.05) ,E/G EFH N 10.77% ( P<0.05) . 5 FSC
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S 33 &

ZHAH I, SFESC 4 1~ 21 H # N X FBW ADG .
ADFI 435 i Z 2 55 23.62% 18.54% 9.95% ( P<

0.05) ,F/G W ERFAL 4.17% (P<0.05) ,

®3 EXHXBEREWUSHT

Table 3 Visual analysis of orthogonal experiment results

e R T[] KR K e i A HURE 5

Fermentation Fermentation Material Inoculation CGs content/
Treatments

time (A)/h Temperature (B)/C  to water ratio (C) amount (D) /% (mg/kg)
1 1(48) 1(35) 1(1.0:0.6) 1(4) 86.52
2 1(48) 2(37) 2(1.0:0.7) 2(6) 66.96
3 1(48) 3(39) 3(1.0:0.8) 3(8) 57.10
4 2(60) 1(35) 2(1.0:0.7) 3(8) 69.45
5 2(60) 2(37) 3(1.0:0.8) 1(4) 60.09
6 2(60) 3(39) 1(1.0:0.6) 2(6) 49.48
7 3(72) 1(35) 3(1.0:0.8) 2(6) 58.23
8 3(72) 2(37) 1(1.0:0.6) 3(8) 47.83
9 3(72) 3(39) 2(1.0:0.7) 1(4) 38.78
K1 210.58 214.19 183.83 185.38
K2 179.02 174.88 175.18 174.67
K3 144.83 145.35 175.42 174.38
K1 70.19 71.40 61.28 61.80
K2 49.67 58.29 58.39 58.22
K3 48.27 48.45 58.47 58.13
W2 R 21.92 22.95 2.89 3.67
HE/F Rank R WL E > e I [ > 45 it > RLK LU

x4 EXRBERFESNT
Table 4 Variance analysis of orthogonal experiment results
KT R TR (] RS BEK Hfhit
Fermentation Fermentation Material Inoculation

Levels time (A)/h Temperature (B)/C to water ratio (C) amount (D)/%
1 70.19+4.35" 71.40+4.30" 61.28+6.37 61.80+£6.92
2 59.67+3.09" 58.29+2.89" 58.39+5.01 58.22+2.75
3 48.28+2.99¢ 48.45+2.73° 58.47+3.25 58.13+3.31
P {H P-value <0.01 <0.01 0.89 0.82

[ 51 RS 4l T A I - B SR [R) 7 B 3R 0R 28 5 R B3 (P>0.05) AR IRIVING FRER IR 22 55 3 (P<0.05)

In the same column, values with no letter or the same letter superscripts mean no significant difference ( P>0.05), while

with different small letter superscripts mean significant difference ( P<0.05).

2.5 SFFSC X (A 38 I i % & 35 AR B 54 1

M2 7 Al 1, 56 B2 AH [, SFFSC 41 1 ~ 21
H % S 15 TP IgA 1gG S 2R A B FH (P>
0.05) ,IgM & & B & 4 5 5.26% ( P<0.05) ; FSC
4 1~21 IR IMTE 1gG & & W35 %A 20.95%
(P<0.05), 5 FSC #iAH L, SFFSC 41 1~21 H##
RIS 1gG A1 IgM & i 43 ) i 35 42 /& 25.38%

M16.67% (P<0.05)
2.6 SFFSC AL FR KL IBEIRHEIE

H# 5 AT AL, 5% AL AH Eb, SFFSC 41 1 ~21
H#& IS ILYE T-SOD i 4 .\ MDA & & | T-AOC 2
FAREE(P>0.05) ;FSC 2 1~21 H & P il 7
T-SOD i 1 i 2 [ 3.72% (P<0.05) , MDA %
I EWN 16.29% (P<0.05) . 5 FSC 4 b,
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SFFSC 4H 1~21 H R I3 T-SOD i M i 2% &
B 4.67% ( P<0.05) ,MDA & & i 2 4% 15.97%

x5 FRAWER(TYRER)
Table 5 Results of expanded test (DM basis)

(P<0.05) .

i H Ttems X 40 Control group K M4 Fermentation group
MEHF CP/% 36.79+0.37" 39.43+0.53*
Z K Polypeptide/ % 1.65+0.06" 4.41+0.03"
HLLT4E CF/ % 12.54+0.34 13.17+0.33
MG EE/ % 9.52+0.09" 10.22+0.07°
B CGs/ (mg/kg) 548.47+8.76" 34.78+1.86"

R AT 2008 A G 7B U [ 7 B R 22 52 AN 3 (P>0.05)  ANRVNE PR 2257 35 (P<0.05) . TR,
In the same row, values with no letter or the same letter superscripts mean no significant difference ( P>0.05), while with

different small letter superscripts mean significant difference ( P<0.05). The same as below.

% 6 SFFSC 3t 1~21 B PIBE KRN
Table 6 Effects of SFFSC on growth performance of broilers during 1 to 21 days of age

TH Ttems
KIKE FBW/ g

%} i82H Control group
891.17+6.16"

FSC #H FSC group
706.59+8.95¢

SFFSC 44 SFFSC group
829.67+17.54°

¥ HE ADG/(g/d) 42.40+0.30° 33.17+0.45¢ 39.32+0.88°
SFHH R AR ADFI/(g/d) 55.23+0.64° 49.23+1.36° 54.13x1.40°
KEL F/G 1.30+0.01° 1.44£0.03" 1.38+0.02°
&7 SSFFC Xf 1~21 B#% A5 1M iE & e AR i 22 i
Table 7 Effects of SSFFC on serum immune indexes of broilers during 1 to 21 days of age g/L

Wi H Items %} B 2H Control group FSC #H FSC group SFFSC #H SFFSC group

REMA TP 30.63+0.70 26.98+1.47 29.18+1.00
HIE R A IgA 1.17+0.08 1.08+0.03 1.12+0.04
HREIREH G IgG 6.730.66" 5.32+0.37° 6.67+0.49°
RIEEREA M IgM 0.76x0.02" 0.75+0.02" 0.80+0.05*

& 8 SSFFC Xt 1~21 B RS MiFHR KUIEIRHFIT
Table 8 Effects of SSFFC on serum antioxidant indexes of broilers during 1 to 21 days of age

Wi H Items %I E2H Control group FSC #H FSC group SFFSC #H SFFSC group

MY LEE T-SOD/(U/mL) 99.84+1.70° 96.13+1.34° 100.62+0.77°
N ¥ MDA/ (nmol/mL) 3.07+0.21° 3.57+0.16" 3.00+0.08°
Byi4E biE S T-AOC/(mmol/L) 0.52+0.02 0.47+0.02 0.50+0.03

F W], LN I NN X g @ — ] 200 B 1 K fifp U e
A B, BRSO M A AR AR
fig A A& 43y A=l 4k A P AL & (hydrogen cya-

R B
3.1 E#&%EE FSC fiB& CGs RIHIE

P RRAF & A3 B CGs 2k B—J8 JIH 05 7 1
FUEE (linustatin, LN ) Fl B —J¢ IB — Bk F 2, il 4 5%
( neolinustatin, NN ) " #4317 v LN 1 NN JL
T4 T FSC v H oA b E Y, B

nide ,HCN) , %2 it i filg ] Jon s 50 e 1) 43 e 110
FSC P71 B-HI A0 11 1, (HJ2 %M 5 CGs f71E
T [ 3 A T AN B 22 A i EL FSC i B -
W R IR AR M 25 EL D) AE P I B v R
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REF=/k B-AI A M AG Y KRR R
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Process Optimization of Solid-State Fermented Flaxseed Cake and
Its Effects on Growth Performance, Immunity and Antioxidant
Function of Broilers during 1 to 21 Days of Age

GUO Baozhu CAI Huiyi®* LIU Guohua LI Yang CHANG Wenhuan
ZHENG Aijuan CHEN Zhimin
( Key Open Laboratory of Feed Biotechnology of Ministry of Agriculture and Rural Affairs, National Engineering Research
Center for Biological Feed Development, Feed Research Institute, Chinese Academy of
Agricultural Sciences, Beijing 100081, China)

Abstract; This experiment was conducted to optimize the production process of solid-state fermented flaxseed
cake (SFFSC), and investigate the effects of SFFSC on growth performance, immunity and antioxidant func-
tion of broilers during 1 to 21 days of age. A single-factor experiment was carried out to investigate the effects
of fermentation parameters such as fermentation time, fermentation temperature, material to water ratio and in-
oculation amount on the removal of cyanogenic glucoside (CGs) from flaxseed cake ( FSC) by solid-state fer-
mentation with Bacillus subtilis. Based on the single-factor experiment, the orthogonal optimization was per-
formed about the above fermentation parameters. According to the optimized fermentation process, the verifica-
tion test and the expansion test were performed and the contents of nutrients and CGs in FSC before and after
fermentation were determined. A total of 180 one-day-old Cobb male broilers were randomly divided into 3
groups with 6 replicates per group and 10 broilers per replicate. Broilers in the control group were fed a basal
diet, and the others in the experimental groups were fed the basal diet supplemented with 10% FSC ( FSC
group) and 10% SFFSC ( SFFESC group) , respectively. The experiment lasted for 21 days. The results showed
that the optimal process for producing SFFSC was: fermentation time 72 h, temperature 39 ‘C , the ratio of ma-
terial to water 1.0:0.6, and inoculation amount 4% . There were no significant differences among the results of
the verification experiment, expansion experiment and orthogonal experiment ( P>0.05). After fermentation,
the removal rate of CGs in FSC reached 93.66% and the contents of crude protein, peptides and ether extract in
FSC were significantly increased ( P<0.05). Compared with the control group, the final body weight (FBW) ,
average daily gain (ADG) and average daily feed intake ( ADFI) of broilers during 1 to 21 days of age in the
SFFSC group were significantly decreased by 6.90%, 7.26% and 1.99% , respectively ( P<0.05), and the
feed to gain ratio (F/G) were significantly increased by 6.15% ( P<0.05); the FBW, ADG and ADFI of
broilers during 1 to 21 days of age in the FSC group were significantly decreased by 24.69% , 21.77% and
10.86% , respectively ( P<0.05), and the F/G were significantly increased by 10.77% ( P<0.05). Compared
with FSC group, the FBW, ADG and ADFI of broilers during 1 to 21 days of age in the SFFSC group were
significantly increased by 23.62% , 18.54% and 9.95% , respectively ( P<0.05) , and the F/G was significant-
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ly decreased by 4.17% (P<0.05). There were no significant differences about the contents of total protein
(TP), immunoglobulin A (IgA) and immunoglobulin G (IgG) in serum of the 21-day-old broilers between
the SFFSC group and the control group ( P>0.05). Compared with the control group, the content of immuno-
globulin M (IgM) in serum of the 21-day-old broilers in the SFFSC group was significantly increased by
5.26% (P<0.05) ; the content of IgG in serum of the 21-day-old broilers in the FSC group was significantly
decreased by 20.95% ( P<0.05). Compared with the FSC group, the contents of IgG and IgM in serum of the
21-day-old broilers in the SFFSC group were significantly increased by 25.38% and 6.67% , respectively ( P<
0.05). There were no significant differences about the total superoxide dismutase ( T-SOD) activity, malondi-
aldehyde (MDA) content and total antioxidant capacity ( T-AOC) in serum of the 21-day-old broilers between
the SFFSC group and the control group ( P>0.05). Compared with the control group, the activity of T-SOD in
serum of the 21-day-old broilers in the FSC group was significant decreased by 3.72% ( P<0.05), and the
content of MDA was significantly increased by 16.29% ( P<0.05). Compared with the FSC group, the activity
of T-SOD in serum of the 21-day-old broilers in the SFFSC group was significantly increased by 4.67% ( P<
0.05) , and the content of MDA was significantly decreased by 15.97% ( P<0.05). In summary, the optimal
producing process of SFFSC is: fermentation time 72 h, fermentation temperature 39 C , material to water rati-
0 1.0:0.6 and inoculation amount 4% . After fermentation, the removal rate of CGs in FSC is 93.66% , and the
nutritional value of FSC was improved. The solid-state fermentation process established in this study can signifi-
cantly reduce the adverse effects of FSC on the growth performance, immunity and antioxidant function of
broilers during 1 to 21 days of age.[ Chinese Journal of Animal Nutrition, 2021, 33(1) :257-269 ]
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