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22

23

T FE RN R R AE B B RV
MR EReT RE
R E A BHE B AL 5 B A B BT RT,  dE5 100193)

M RWEIC B X IR AR R L B0 S SRR T LU VPN . SRR 47 JR
(i A0 56 K, BENL N 7 AN, BH 8 ANESR, HAESE 1 RN, 41 HR4D
PR oK - AR SR A AR AR, 4 2~4 TR IR 70 ol B 4K 10% - 15% T 20% J At Pl H2 £ 18
BTN, 2H 5~7 TR ER R BREIE R 20 0 AR 10%. 15% A1 20938 Al TR R 36 TR . L4 5 d
Ja. BEAT 6 d ARG . 5 RAR I TR SRR R0 2 AR U R B T R T e
BACHL B3 i R B, AR ZEREE (P<0.05). SxHRAMEL, N [FEEH oL RS
T AR LA 25 A5 PR R 22 AR Y e AR 2 1 5 LA 2 (5 25 PRI (P<0.05), AT 4R ML
PR F I S (P<0.05) SR 2 SVE DN 5 TR RN R T e 8 1 W R FH 95 0 2 B IR, TS
FERUR BRSO nT R 920 S RE R3S 25 (P>0.05), {HREERSE (7] FIF 95 70 & A 2
s, VUSRI R BRI S AR B AR A TE ARSI R A . F B RAVEAR R A
R P R BN B R RN B, LIRS I A IR IR 1) AR L9 20%.
DR WK, RN, BN ERME
118 5r 285 S816.6 SCRRAR R D : P& TR

B & A & JE, AR IR = O N 1 20 3R A ol A e T Rk SR I &
SRR, JF R P AR R BT E R R RS2 BT B . R DAV U Ry R
[Fi e T A 7 B e o R o 4 380 1 [ Ak P 02 FREDR RIS K IE, 2015 ARk g = i
9400 J3 81, AR REAE 1 ¢ ARAE R A A T A 0.8 ¢ BERE A, 2015 SR IRIE SES
=5 320 3t BEREVE S — AR SR A A P, R R N AR AR R 2 — .
H AT A — ¥ BERE R T & S iR b, (BRI A SRR, 1 DK 20 B R ot AR e 78 20 R A
IXFEAUE IR B, 3223 B — € B TS Yy, BRI, FFRANRI T Rl B S 253 3L

Wekm H: 2017-12-09

HEWH: “+ 07 EFREHE RS (2013BAD10B04); 1 E R MR 22 B R B
T2 (ASTIP-IASO08); [ KEA =\ H AE RHE R L IL % (CARS-41-K16)
YEZfaif: MR (1991—), B, hvuMisk N, fit:, MR EE 7 STaRBHAT L o E-mail:
yyx1859@163.com

HEEEE . EREYS, BIWEF A, WidA4 S0, E-mail: xiaofangdl 124@sina.com
1
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46

KT BEREAUR RS TE & @ TR b O R CB 0, Song Z5-OBF LR B, TR N 4%
R T DL RS M A CHE IR, S RS R A E W R 2 R . TR AR
WEFERM, TR N 15%F0 25%0E e B35 e m s P IS E. DA 5B g
B, BPHR AP RN 209008 K AR 235 PRI S M P IRRAS , SR AR e Ras . H I SR
TADRR PRI 14%E R AR 2 25 3 s B S I B . Rk B SR U OB TR B, Y 20% T RS 54K
TR MR KT 40 kg (AP, HIMEMIMEAREE . BOREIOHE AR & EEE, L
detr BB, B IAE R RMANE IR R A IE M2, T AERARIY, T BRI 2T 4k
FE, IREHEOTSE, AR SRR E SR IME BT T . AT A
R SR T, BRI R W FLIE M & B AR T 170.00%, PR FAF4ER,
AR R ALY 5 B PRI T 19.43%. 68.97%- 19.64%F1 29.02%!12), 4k, BEFEFIK
TEETRE R (1 SR AN ELVT S8 R R ANE S8 35, X T Rt 2 TR R R A TR 7 85 RS DR v g FH A 2>
R R 2 — o AR IE I VPA e R R BRI R 7E BN L (R FRANEL, DRl 2 i i 8 DS
R S T 0 R £ 2 B FE B (LB T AR
1 MRS T
L1 X5k

BERE: SRR T L PG AR ML AT PR |, FhIEo ISR R R o )5 P
¥ 1 ( Phanerochaete chrysosporium) ACCC30414. K AK%E ( Trichoderma koningii)
CGMCC3.2878 B % (Aspergillus niger) ACCC30557 FITCAE Rt (Aspergillus ficuum)
NTG-234 FILE, FHA LI = MR T 2S00 Rk BEESREEAT 5 d BS RN, 15
BURIEERE . IR R I ERE 108 IR B W3R 1

R BRI RE (8 Ry O EEAED

Table 1 Nutrient composition of vinegar residue and fermented vinegar residue (air-dry

basis) %
WiH Ttems FAH Vinegar residue RKIEZBERE Fermented vinegar residue
HAE GE/(MJ/kg) 17.94 18.70
T4 DM 91.12 95.69

HEEF CP 10.23 12.28
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53

54

55

56

57

58

59

60

61

62

Y AeHT EE 2.80 4.70

HK 45> Ash 7.50 10.40
FAF4E CF 44.80 43.30
#H4EE Cellulose 37.53 37.00
242 Hemicellulose 21.31 7.14
VER Starch 0.70 1.08

1.2 R w51 R

AR R FH 7 B0 S I R R TR IR 1) 97 7 AR B R R AR i o R4 A
L SRARIFEE IR 1 47 B SAB R 56 X, BNLSN T A4, SA8AELE, &1
HE 1R A1 G R4 K- GMBER AR, 20 2~4 A0t R 40 5 B4R 10%.
15%7F1 20%F= il PR A B0 Aa AR, 20 5~7 1AM ph R I R 20 0l 54K 10% - 15% 11 20% 5 fi
PR R AR . BURH S d, IEIRHI 6 do BURHIRSS 1d 19 19:00 458}, ZkLE LRI
RN PRI PR S A IR PR, e L R S AR SR HE ) o

T FRREE 7E i OB B G 5 B PO R FERT BT 34T . FARI T 4 A 45 SRt
SHABAG HEATAAFRE . R30S H B R AYOK, SR RARR 16 h, RA BRI N
NTAMG. BERME 3 IR, 2 ESREUH R 120 g (d+ D ], BANEE AR,
W EARHE S EZ S . FRICTEAG SR WA, Mg R gERORb .
13RI

e K- GRS R IR, S HENRC (1994) HEFF (1) B XS 5 97 75 2L R O DR IR i &
Tkl BEmbIARR AR RS IR K LR 2.

F® 2 AERBARALR S E IR R JERD
Table 2 Composition and nutrient levels of the basal diet (air-dry basis) ~ %

TiH Items & Content

J5kl Ingredients

E°K Comn 64.00
ZH1 Soybean meal 24.00
il Soybean oil 1.00
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64

65

66

67

68

69

A¥ Limestone 8.50

¥ Wheat middlings 0.70
BERREES CaHPO4 1.20
f#h NaCl 0.30
SFALHESH, Choline chloride 0.05
HEMR Met 0.10
#EAEZ TR Vitamin premix! 0.05
ME LR HUREL Trace mineral premix? 0.10
it Total 100.00

/KT Nutrient levels®

HBE GE/(MJ/kg) 15.42
Rt HE ME/(MJ/kg) 11.51
&AM CP 16.36
FART EE 3.90
FHK 5y Ash 11.10
FAF4E CF 3.80
TGRS AT 4E NDF 11.28
FR MR AT 4 ADF 341
5 Ca 3.38
W P 0.53

VYl R TRE N EET SRR The vitamin premix provided the following per kg of
the diet: VA 8 000 IU, VD3 3 000 IU, VE 151U, VK2 mg, VB 2 mg, VB24 mg, VB¢ 4 mg,
VB12 0.01 mg, 72 R4S calcium pantothenate 12 mg, #H#&Z nicotinic acid 40 mg, & folic acid
1 mg, A#Z biotin 0.1 mg, HHEK choline 212.5 mg.

Y R G R PR B NS T 7 ARt The trace mineral premix provided the following
per kg of the diet: Mn (as manganese sulfate) 63.6 mg, Zn (as zinc sulfate) 69 mg, Fe (as ferrous

sulfate) 30 mg, Cu (as copper sulfate) 6.25 mg, I (as potassium iodide) 0.4 mg, Se (as sodium
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71

72

73

74

75

76

77

78

79

80

81

82

&3

&4

&5

86

&7

88

&9

90

91

92

93

94

95

96

selenite) 0.2 mg.
YA TS, AR ISEI{E . ME was a calculated value, and the others were
measured values.
1.4 FeACREE S AL
KAWL R BRI, ARt LA N A, AR 11: 004 19: 00
B 1 K BCRRHEBRFER T I0XS B B ARHS, S LB N A H A PR E,
P85 100 g ZEHIN 10 mL 10%/[¥ 2R AR 2 A0 k030, FrUR 45 55 6 d (38 RIEA 35
5, BTHAY 65 CHTZEE, FRMW 24 h FHREIFCE, RAEMFN.
1.5 WE febs 5k EITE
1.5.1  TARCRIZERE RS TR
M & M e rh B R T . B IR MKy MHEF4E . Rk
GRET YR P BRI AT 4E & 5 SRR E 2 1] 1SO 98311998; T & &1l 2 2 i GB/T

6435-2014; fHE AR & =1 E S B GB/T 6432-1994; g7 & & 10 € &1 GB/T

6433-2006; FH K 4> A5 & 10 € 2 GB/T 6438-2007 5 L £F 45 & & (10l .2 2 i GB/T
6434-2006; FRVEVEISL4ES EAIME S B NY/T 1459-2007; P Seisor 4k & 81l S 18

GB/T 20806-2006.
1.5.2  FAARARIIFR 40 AR 28 AR BE LA RS A0 B R m R 73 00 &1

PR 3R ZMAB R S WA R, AT,

HIFRP M E (%) =[(BANFRE-FEP IR E) BN E]X100,

R AR T B R 22 R R @ B R, AWF:

D=[ (4-B) /F]+B.

e D OB B BB R - TR R (%): 4 ARIRAIR h R F7 0 1R
MBI (%) B NEERARR R0 KR MW R (%) F AR IR 70 th B ek
PRI R b [5) 44 9% 00 P BB (%)

TRIRR S IR AT A IR R ) R WA e TH L A S R -

T = BE X AE R AR R

WA 0 A IR R vh rT M T R 0 & BT R A 5 R



97 TES S A P E S b P R F 7 2 2 =R R TR TR o 25 75 2 2 i X TR B I T R
98 % TR I RMAR 2
99 16 HiEGit5aHr
100 KH SAS 9.3 it A AT R =TT 2 0Bt (one-way ANOVA) FIMSZAEA ¢ k5,
101 BL P<0.05 fF oy 2 5 B 25 VR H Wrbm
102 2 4 #
103 2.1 FARANZERE B TR RS>
104 TARRANFERE hg TR LR 3 IR 4.
105 F 3 RTEFREOr 2D
106 Table 3 Nutrient composition of diets (air-dry basis) %
TiH Items 41 42 43 %4 45 46 47
Groupl Group2  Group3  Group4  Group5  Group6  Group7
RS GE/(MJ/kg) 15.42 14.94 15.25 15.92 15.55 15.89 16.15
TR DM 89.31 90.12 89.98 90.04 90.03 90.30 90.56
HEAR CP 16.36 15.53 15.85 15.70 16.53 16.43 16.54
HLRgHT EE 3.90 3.30 3.50 3.40 3.70 3.80 3.80
HLIKSy Ash 11.10 11.90 12.60 11.50 11.30 11.50 10.50
M4 4 CF 3.80 8.50 10.50 13.10 8.50 8.60 11.60
HPEVESRZF4E NDF - 11.28 15.08 18.52 19.48 16.39 17.51 20.88
Bk ek £ 4 ADF 3.41 7.60 10.07 11.51 8.96 11.29 14.22
107 R4 FEREPEIFRSY OAFIEGD
108 Table 4 Nutrient composition of feces (air-dry basis) %
TH Items 41 42 43 94 45 46 47

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7

FRE GE/(MJ/kg) 13254043  14.45+0.51 15.43£034 1523040 15.00£0.34 15.694020 16.13+0.17

T DM 95.37+0.87  94.83£0.19  95.03£0.19  95.04£0.31 94.86+0.35 96.94+0.23  96.78+0.28
MEHR CP 36.7741.50  29.67+1.05 27.59£0.87 26.33+£1.25 31.38+1.43 29.95£1.09 28.35+0.53



FNEN; EE 3.18+0.38 2444038  1.51£0.17  1.76+0.18  2.09+0.36  2.74+£0.38  2.46+0.24
FK 7 Ash 24444212 19.58+1.95 16.31£1.56  17.40+2.13  18.11£1.24  17.24+£0.99  15.74+0.99
HEF4E CF 2054260  24.23+140 24.56£0.96 25.66:0.60 22.58+1.19 23.70+0.84 24.73+2.17
H I 4T 4 38.86+4.55  43.76+1.68 49.66:1.78 4839+2.55 43.76:2.04 48.26:2.85 49.46:2.45
NDF
PRk etk 21 4 13.3542.43  23.96+1.19  29.35+0.94  29.09+3.12  26.87+0.98 33.02+2.04  36.08+1.81
ADF
109 2.2 AN[EITERE AN W R 5 A LU 1o (DR % 0 AR U 30 S S AR U e 1) 52 )
110 M2 5 WA, ARDARA S e AN TP S AU A R e R AL ) M b T R, AR
111 AR (P<0.05). 54 1 MLk, 4 2. 4 3 I 4 TR 2R R 525 PR (P<0.05);
112 5412/, 2413 A4l 4 AR R RE R Z R (P<0.05). 541 1AL, 2. 43
113 ANZH 4 GlAR R AR 1 AN o P Bk 21 4R AR 4 (2 35 BRI (P<0.05); 54H 2 A4l 3 A LE,
114 2 4 GPRRPR AR BT PR PRk 2T e ROUAC TR B 25 B R (P<0.05). 5411 M, 42,
115 213 AL 4 PR AT 4ERMARH R B2 4R (P<0.05); 5412 AHEL, 413 AL 4 TR
116 FA4ERMH R R ZIRE (P<0.05). % AR AR T AR 70 AR 28 2 7 B 2%
117 (P<0.05), {H5EREEARLLGIA AL o 55 2 IRDAR B R 1 e i A1 R AR W 238 0 (B3
118 ZE5 (P>0.05).
119 M2 6 FIR1, AR R BE AN TP S R LA 3 B R A RE I T I 5 A B A1) g 184
120 il NRE, HASHEZESFEZE (P<0.05). 54 1AM, H 5. 46 A 7 MR AR
121 R B FEAR (P<0.05); 4 7 Wl A A 1 R R 4L 5 B 25 AR (P<0.05)
122 5415 AR, 416 AL 7 PAPRR R AR 07 A0 P e e 2T e R LA R 2 25 AR (P<0.05)
123 S 1AHEL, 45, 0 6 A 7 IR 4R AR B E IR A (P<0.05); 4 7 WA
124 ARV ZEA 5 T 6 R ER T (P<0.05). &AL RRAHIK 7> IR ML Pk 21 4k
125 WARHRTLEZEZER (P>0.05),
126 ® 5 A FEEREEAC TR AR TR 73 R AR 25 R WA RE R 2 i
127  Table5 Effects of different vinegar residue substitution ratios on nutrient apparent metabolism
128 rate and apparent metabolism energy of diets (n=8) %



129

130

131

132

133

134

135

136

WH Items

A8 GE/(MJ/kg)
FWACHTRE ME/(MJ/kg)
FHi DM

MEA CP

FLEWT EE

FLIK 43 Ash

HHEFYE CF
HEPIR£T 48 NDF

FRAE WV T 4E ADF

2H 1 Group 1
80.98+2.112
12.49+0.32?
76.27+£3.292
50.12+6.60?
81.84+3.76°
50.69+10.49%
11.38+£8.73¢
23.92+10.632

12.60+10.36

2H 2 Group 2
71.58+1.45b
10.69+0.22°
69.06+1.79%
43.80+4.21°
78.22+4.05¢
51.54+6.42¢
16.17+7.36°
14.76+4.32°

7.47+£3.67

2H 3 Group 3
67.19+0.75°¢
10.25+0.11¢
65.74+1.13¢
43.53+2.74°
85.99+1.58
57.93+£5.18°
24.0914.632
13.07+3.00°

5.51£2.93

2H 4 Group 4
63.80+1.344
10.16+£0.21°¢
60.04+2.024
36.53+3.87°¢
80.33+2.65%
42.47+9.82°
25.8842.807
6.03+5.31¢

4.45+3.95

P 1{H P-value

<0.000 1

<0.000 1

<0.000 1

<0.000 1

0.000 3

0.008 9

0.000 5

<0.000 1

0.602 8

AT Bedie 8 A e 7 B [ 7 RO Z R AR (P>0.05), ARNGFRRRZESR

i3 (P<0.05). N#E[FE.

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.

R 6 AN[FUA I B 5 A QLG A1 X AR TR 20 A 2R S R AR RE 1Y

S 2A
52

M)

Table 6 Effects of different fermented vinegar residue substitution ratios on nutrient apparent

metabolism rate and apparent metabolism energy of diets (n=8) %

WiH Items ZH1Groupl #H5Group5 @4 6Group6 4 7 Group 7
B8 GE/(MJ/kg) 80.98+2.11*°  71.61£1.17°  67.63£1.00°  63.33+1.18¢
KUK E ME/(MT/kg) 12.49+0.32¢  11.14+0.18° 10.75+0.16° 10.23+0.19¢
T4 DM 762743290 69.00+0.95°  64.79+1.00° 60.74+1.65¢
FEHPB CP 50.124£6.60°  44.15£3.13>  40.23+2.38  37.03+2.88°
BT EE 81.84+£3.76*°  83.38+2.97° 76.34+3.61° 76.14+£3.07°
FLK 4 Ash 50.69£10.49  52.87+3.00 50.83+3.21 44.84+5 47

FLF4E CF 11.38+8.73° 21.90+3.89* 2231+580° 28.5616.64
HEPIR 4T 48 NDF 23.92+10.63*  21.40+5.25° 9.58+6.300 13.02+4.86°

P8 P-value

<0.000 1

<0.000 1

<0.000 1

<0.000 1

<0.000 1

0.088 6

0.000 8

0.001 0
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138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

FRIELE 4T 4 ADF 12.60£10.36  11.735.03 4.07+2.36 6.85+4.94 0.4914
2.3 TEREAUA IEERE 00 TR IR 2 B B EUER

2 7 W5, BEREAUA BRI A SR S B REE R (P>0.05), {HA RN
AAASR S EA NG . SEREHEL, KBRS ERS 1 6.16%, A
MM T & RS T 21.61%, WA EAR S ERS T 56.52%, W H AR & &t
BT 18.45%, FIRIFPHLK 3 & mARE T 10.97%, AR A4S =it i T 2.06%, A FIH
PR IR AT AE S IR M 1 49.04%, "R IRIEVE R AT 4E S Bk 1 115.93%.
RO BB R R IR S R

Table 7 The contents of available nutrients of vinegar residue and fermented vinegar residue

(n=8) %
WiH Items F&FE Vinegar KEZTEFE Fermented vinegar P14 P-value
residue residue
KUK E ME/(MJ/kg) 1.46+0.75 1.554+0.36 0.1840
TH)5 DM 523+2.12 6.36+3.77 0.201 6
HEAR CP 0.92+0.29 1.44+0.84 0.678 1
FHEAT EE 233+1.65 2.76+1.58 0.504 6
K45 Ash 3.194+1.98 3.544+1.43 0.456 7
MF4E CF 14.59+3.83 14.89+4.53 0.7118
HEPIR 4T 48 NDF 4.7144.00 7.02+3.52 02925
R PEBR IR £T 4 ADF 2.26+1.42 4.88+2.97 0.127 7

30

B I A SN R IR 4 R BRI G T 15 o AR SR FH 28 BV 5 TR A S T
FE PRI FR 0 &8, BB BUE R IR T % B Al ik, RN S0 AR th R fl AR 5
5 A T R 1) 9% 20 Y A 23 DR R AN o AR 16 R TR B P T FE 4 10% 4 15% B 20%
(R FEmt PR, e PR IR 2 MR R R MR R, WFICRI, B TR e R R 8%
EREE AR LI RGN, & MR E . Y BTNIRL R B SR 2 DL S R WA BE B
fiR. X FTRESS i T Bl TR B IR R A L R 38 (DR R AT R S Bl e, b

—|
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160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

FrBETE A TE A (5 BRI 18], 384000 T RUE IR E, AE IR 1 3% 3 A Be A e 4 Y A R
MNTHT BEAR T8 F 5 1 01 e 2 040,

T 1o BA = BRI, BERPE RN 2 . BORERIE R g, RS AL,
WA R G B R AR, AR AT Re BCOAFR Y — KI5 Jeisls), /i TESRDR A 4 & B i, M
EAFRSERIC, R NERE R & &S R M EEUR, A AZEIRRFERE BRI T
HAER BRI o B S G VF 2 R PR H R LT AN E R RS sy, T EA
E I RA T UME R AR A" HAT, R R R T R AR R bR} B U 1 32 2
BARFB. CHVRY, MRS P EE R 7R 2 It H R RSB AR 2 PR RE 11
FUBRE AN, ERemART R E R, AT REMA R RN BRIRAKE R 0 AT 45
HEEER M4 43 & BB AE P R e RS0, MR B RO R, el SR A, 2
— R B, BERS R mOH A S B TR A P A g N, BAE R AR A AR
A RE2), AR M2 H AR - IREE 10 Z bk, A TR s R R A
FERHRIPIG TR, TR M8 v] DAZEA TR0 E IR R B R b A K = A A R . A2
PRI ST 0, AR o A B P i . R IOOR 3 . BB A e R M X 4 Fhi &
TR R 2T R TR ST 7 R R P S T 4 R R R RO I 4 ) B B T R T I R
418.99%F11 507.45% . AR50 R FI SV VT U I RE AL A 9% B R /E 200 B IR 8 R, T A
(TR T R R R 200 T AR S BT il . R IROR B, Rt B R TG 1 R ot 35 VR T R R T
e 2 A R T S AR RS R T 14.24%, JEM S ERE T 46.75%, MAA4ESE
BT 7.97%, A4ERGERKT 6.12%, PAAERESEEIN T 68.06%. AR TTH5 R
R, REEFEC RIS & BB ELEEER, AESE RaReE, HEES
VR R % e S LR A R XY BRI
4 4

FHE S VP AN I R R IR IR TE B0 L 18 FR B A, A DO RE A R T R 1) AR L
#1129 20%.
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Evaluation of Nutrient Value of Vinegar Residue and Fermented Vinegar Residue for Laying
Hens
YANG Yaoxiang DONG Xiaofang® TONG Jianming
(Institute of Animal Science, Chinese Academy of Agricultural Science, Beijing 100193, China)
Abstract: This experiment was conducted to compare and evaluate nutrient value of vinegar
residue (VR) and fermented vinegar residue (FVR) for laying hens. Fifty-six 47-week-old
Hy-Line Brown laying hens were randomly allocated to 7 groups with 8 replicates per group and
1 hen per replicates. Hens in group 1 (control group) were fed a corn-soybean meal basal diet,
those in groups 2 to 4 were fed the experimental diets substituted the basal diet for 10%, 15%
and 20% VR, respectively, and those in groups 5 to 7 were fed the experimental diets substituted

the basal diet for 10%, 15% and 20% FVR, respectively. The metabolic experiment lasted for 6

*Corresponding author, associate professor, E-mail: xiaofangd1124@sina.com (FTfE g’
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days after 5 days pre-test. The results showed that: the apparent metabolism rates of total energy
and dry matter of diets were decreased with VR or FVR substitution ratios increasing, and there
were significant differences among all groups (P<0.05). Compared with control group, different
VR or FVR substitution ratios significantly decreased the apparent metabolism energy and the
apparent metabolism rate of crude protein of diets (P<0.05), and significantly increased the
apparent metabolism rate of crude fiber of diets (P<0.05). The contents of available nutrients of
VR and FVR were determined by substitution method, compared with VR, the contents of
available nutrients of FVR were no significant differences (P>0.05), but had an increasing trend.
It is indicated that nutrient availabilities of VR for laying hens are improved by fermentation
with multi-strains. The nutrient values of VR and FVR for laying hens are determined by
substitution method, it is suggested that substitute ratio of VR and FVR is 20%.

Key words: vinegar residue; fermented vinegar residue; laying hens; nutrient value
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