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[Abstract]) :Vinegar residue is a bulk by-product generated during the solid-state fermentation and brewing of vinegar.
The annual output of vinegar residue in China has exceeded 2 million tons. This by—product is rich in crude fiber,
crude protein and various minerals, and has the advantages of a wide range of sources and low cost, making it an
unconventional feed resource with great development potential[l]. However, vinegar residue has inherent defects, such
as a high proportion of lignocellulose, poor palatability and relatively high acidity. When directly used for feeding
livestock and poultry, its digestive utilization rate is low, which limits its large-scale popularization and
application[2]. This paper systematically reviews the nutritional characteristics of vinegar residue and its key
influencing factors, comprehensively sorts out the effects of three types of treatment technologies (physical, chemical
and biological) on improving the feeding quality of vinegar residue, focuses on analyzing the application status and
actual feeding effects of vinegar residue in livestock and poultry breeding, dissects the bottleneck problems existing
in the current application process, and prospects future research directions. It is expected to provide theoretical
support and practical reference for the efficient resource utilization of vinegar residue and the cost reduction and
efficiency improvement of livestock and poultry breeding.

[Keywords]) : vinegar residue; unconventional feed; biological fermentation; livestock and poultry breeding; resource

utilization

INZRE ) 2 W B B I B A B, BRIE AR 7 KB BER
P, R G EIRRSES Pl . ARk, B RHERMA B
Frak ik R B GO 2 A g R b e, T R & R AR I R
VR RO HE S B PO AT RS R R I R R AR BRI R A
BREBE 1% 13% T HNEAGR, (LS R
5 28%32%, HEGZMALER. R LANR, SF%E
BB S I & SRR, SCal “RRNE” HR

15

2 BB 5 KE, 2025 G4 A lEE - &
CLREHK 300 J3W, $RMAREAER” 1 ke RBAPERE A 0.8 ke Bl
L5, A ERGEE S B 240 JIERL LY. BRI
FER G EREEFRRE G, TRk RoksE). KR
B CRE5e A0 mRseds) Mor B 1 v M BE RO A P A

iy

17



g

sezammanan:

LNV FARWFFE  Agricultural technology research %51 %% 07 ] 2026 4F

TR H AR

FIURT, B 7F & & 1 7R s i B LIS 2 B Bk R
Erarde, IHAR . & DS RA S F @ vk n
TACFE P CABGE ™ A A LA R [ Y SN I TR, A
RS TR . N A BREOR . & SRR ] S e i 2 YA
PO HEBE JRTT R GUERIR , DB Rl (K AL T P HE ) SRt i L
WRSHRIE "

2 BRREFS R E R

TRl () AL R 1 5 8 70 ) B R e U R E i, B
XRIRIRZEREE R s T2 2 RN R B3, Mk
B L5 FRARRAE A2 S IR B AT 4 2 1F
2.1 BOREERNE IR RS>

PURIRZAS A R, R R AZ 00 7 1 20 52 IO O 25
FIEE (CP) &84 11.45%712.78%, A TFRISEE (9.7%) 5
TR (25.4%) 208, HRE&ETEKRBT 5.9%
FLAF4E (CF) & 81 29. 63% 31, 2%, BEK T T KAEAT (34. 4%),
oA e PR AR 4E (NDF) (5 B 65% 70%, FRTEFEIERET4E (ADF)
G EE 40% 45% s HLARWT (BE) &&ik 12.78%, i TEH3EH
(0. 6%) FITFRAFEAT (1. 3% "5 HIAK 4 (Ash) &N 14. 59%,
(0. 42%) B (0. 19%) ZEH Y0 & R ARSI L B & AR K
R BRILZ Ah, BRSSO AR AR 0. 32%. &
2R 0.18%) K B 4R, HIEIRKEEREANRERRME, &f
FRE pH AE4ERFTE 5. 075. 5, X —phk EAR AT & & i BRI
B, AR EAR S B R e A

AT 8 RUDRE, IR 0 DR A A S AE R 2T 4 S5 ML 1y 5
B, AENRERE SRR R R BN E S =
&, HRBRELT 4 A LB 5 B 2 Wi A s, B R MR 2 1
ERMEAR™™.
2.2 YMIESAEE IR R R R
2.2.1 WEEEER

PR R PR B RS IR R O E . Dhm B Rk
BRI L VE 2 PREE R, MR E SR 12. 3%, FZT4E 28. 5% LUK
KA JERH BT A RS R, AR 11, 8% FIET4E 30. 2% LAEKY
NERH VAR T BRI R, KA 13, 1% HHLF4E 27. 8%, R
i 2 cp R N (R S 7 R 2 A R 5%, RN A
THIMERE O S EE S, MG SR & M,
HHAgEREEE B,
222 AFETE

EHEERIE T2 R B AR RIS R, X S A I R

18

A B S BRSO R B P RIAE 43745°C,
TR TRE D, HEASEIE 12.5% 13. 2%, & 1A
X EERET LT 70780°CrEiRALEE, SEH R N 4 PR
RIS EES A, HEAS=FESE 10.8% 11. 5%, HZ
EPEIME LA B B A A B AR, B R I AR T R
Ak, BRI ARG, SRR AVE R B TR AR,
B hoR AP ) o et S Bt 2 B
3 EERERIIN TAAEBAR

it B R PRIV AR AR T AL AR B IR 5 SR AR I 5 1
B, TR, A AMERRT BT, DL IR
PUE TR T BT E TR A 2, 2 S U] A0 (K DGR EA T o
3.1 YHEAEE AR

VIE AL EE DL CE B R A BN . BRAROK A B TR A
NG ERR, BAERIERR. RAMRER AL, R AL 2
(3 F 7
3.1.1 FURAE

SRS K B RIA 60% 70%, M5 B R, KHT RS
KA Er i 15%LL R A SEB KGR . Ty 30 E AR
WS HUHE T BRI A B, 2Rk, H
FH ' L5 5 18 A 2R 3R IAL 2% s LB K% i B2 42 U 7E 60780°C,
AT K, 93 IR AR, T SR I 40760 H
RESREIEER S FUR IR A5, b St i& vk ™ . TRk
PE AT SRR A AR B AR T 10% T 16%, {H T2 B AR 2 4,
BOEH TR 7 5 yE T,
3.1.2 Fiabs

KR S T8, FOKAEATF SR HZ LU R & (BERE 5 EE
40%60%), WINT IR BERIJG R SE % H T, MR IRFEE
FRIGY, XREEEEE . FI i B b PR B R TR pH M
BEZE 4.0 LLF, S0HIZR S5, IR, fH e
T 12%718% " o MESHFTCR M, WS FORREFFIL 101 ety
WG, AR TR T IA 58, 3%, R TR EER
ff) 42.1%"" . FICACFLE A B IRB R, ] SEEUES R
R
3.2 BB EAR

2 b 3 S TR AR 7 R AR R AR TR AP 4 R, BT
3, (BAEAERT R B ARG, A s i ™

AR VA S S 20K R 1% 2% S E A
WORTERG 24 h, WA MMEMATER, MR 45 2K
20%25%, HEWEINE A 2K (KRR 3%) RERE

il



ANV ARFF  Agricultural technology research

1B 0T H 2026 4

g

EET AT

RIGHE A& R GUMIEEARD, AR, E5H TR
A PIERL, BB RS BN, B R .
FAOEBOR R, HS AR B RS g, H AT A
R, 25 R AR AR,
3.3 AW EEAR

A b 3R DA A ) R R R B A AL, BB E BRI
BERE SR, HERW. watkm, MmN TMRs
IS FH B T 1
3.3.1 A REEAE

R . FLERTE . AR AR SE
w R, R RCEIRENE SRR AT 4E . S E A, A
B S RE T S R

PR B RO B R RERE R T AL R A S BRI R
15%18%, FHLTHEREMRZIE 15% 20%; HEEBERET d 5, K
JR R AR ERTTIA 32%, TR ST 25%

BRI TR R R R R O R, R
PR FLER A AT 4 R A R, BERERL AR (1 = Tk 18, 3%,
MR % 22. 1%, AR S RS IEE, &R EE™,
RS AR ORI, A B PR B TR AR S R &
35%40%, AfH AR E AR

R A FEAAL AR THRE R E 72K, B RRTHBRIRIE, 190
RS R, WO EEERRRAE, RARTHRREE I E
AT
3.3.2 EgHIALER

R RN T 4 R TR SR Sl 1 77
A B AR AR R AT 4R 2R, SRR ™ . iR
0. 2%ZFYE KBGO FRRE R, FULT4E MR Tk 18%22% " SR
Y B+ A Y R+ B R I B AR H R AL, TIRE A
RAMRFE 30%LA 7 B AR N AR A A, (H
FRAKAN B, 2 5 RBARG G/, S« B R R 207
IR

4 BEREEEARFPRMAIR

SN LA S MBS T N T R4 KESZH
BEE, NABESMHEAABAERE R, KIEEKE
BRI 4515 M SRt A AR [
4.1 FEREFR N A

WET B, XA RE S, RS K
BEALFRJRSE BN, HAE RS AN A AE K B s R H R
411 EKHEE

19

R FREAE AR IR R R RCR B, & B IEE
BERRAR BRI R A, SCRERTHAEKERE™ . ARSEIE SR LR M,
A KRR FORGAR I 16% K Al AR K 3R I 20%, & IERT
BLIR N 22%, % 1) H 8 5 /T34 7507780 g, Bl E LK A4 0. 1570. 20,
B IR AR AR 12%715% e WK BB A5 20% T b 25
REMEFER 40 kg DL EPISE, WIEHIGEZ 777.8 g, BN
AL 19.86%, HBAHEASTRELEEZER",

TERNE, HHRPEERNEA T 25% dERF
e SERHAREBAL 2, BRI, B A4 K is
FE: RFERERE T S IE M, DR IRIE R AR, X KRR
TP A () B A T A T B R R T A DR
4.1.2 BPE G

BERE ERR PRI 5% 10% R EERERS, FILRERE®, S5l
AMERE, HASHWATERIER" PN AR R & 5%
E, BORAINERIEEIE 3% 5%, HFERFAERS. MY
FrEARIOBERE, BERE R R,

4.2 1ERAFN TR IR

SABYIRE B A CE Y RT BEfRRL AT 4, S IR R & e Tt
Bk, BRI RN R AR TR R R TS, A SR H S
KGN
421 W4

R R PA) A % o 1 L P BRI B, B A R AIK TR B8 A
A, NRERRTHEIEACR . LIPS IR U R I 2 R R,
BAERAE HARR RN 10% 30% 0 PR Y, m BRI EREE
H, AR RABEAR 10%20%, 3k 4R AR 6007900 JG, FF
BEAR GRS TE 10%/2 A7 ™ o WA v h (R R M 4 5 PT i 1R 21 1 R 4
W, YRR RR B B WG SRV, SR s AR
TR HARE R OE RERI A 4= B8k, IR &,

PME R © TR EmERT, £ 7710 d Wigbig
FEEREA N L, B S R RN @ FRAR AR 1% 2%
BREREVEN IR TR ol (., BiIRRRE @ BEHTEK,
s AR B RL,  ARIEALRS L2 I E 4:676:47,

422 W3¢

e SRR FRT RN 15%  26%0E 1M AR
o EPAEERIRY, 4 FHIEGEEERPIRID 15%F 25%
T, P35 H 38 SO B A 2 il 12, 3% R 8. 7%, HAERI
MERRSELEEZES" . BB R, %
RAAFRRAS, [ RE 3 2 PR
4.3 EXRBREFHHIMA



g

s

A FARB I

Agricultural technology research %51 %% 07 ] 2026 4F

FKETHERE . ST EEILRE 155, BRI E KR
AAFE, HPEREHRINEE], TR TES. BT,
43.1 EXG

RN H R R R 0 3% 8% R BE R, TR e e R R R

MISHF AR, B0 HRRAN N 5% K BERE RS, 7= B R4 T 3% 5%,
BESTHREIEIN 8% 10%, RPN, X S5EE A E S
B BT SRR R OIAIC™ s [N, TR R A PR
A T A T, IR RS R AR
4.3.2 Y

PURS AR A, xR T R, IRV N 7R AR
HITE 3% 5% 35 AN 1E XS BL Al FORR sh i in 4% TRkl , Tkt
AL R AR S 5. 2% (P<0.01), FAMELIEER, R
JH R BB R B A I e T B2 T 2 6%, FLAEPRIRIE R, 5t XS
JEEtERE
4.4 EEGEAFFRHHMA
B FEEE B EXDHAYER R R m, SRS R
TFS A X 2K 8 18 R MR A S8 0 AR R A
PR G AR RN 10% 20% B RS 280 e fE b R 20 52 K
L, PSR FARENIN 0% RS RS RSV &0, RLE LEPEAK 0. 18, 14
FHRAPEAT 10%" s T A S5 /E A S FURL RS N 20%BE 48, 7744
ZUFHERIRTE 12%0h b, APPSR IR RSH R
TR0 8% 129 K FEmERE, WIHR SRR, MRRRERA, HAR
i A K

5 EERETE & | 1AFT DA RO

REEE AN OIS E 2R, ERUBAHET N AT
i 2 BEPRAR, FBEARPLLELL R U7 :
51 BRARE, IREMEER

IEREE 35 R A7 52 BRIE JERE S AR 7= T2, AR &K
ANFEHCR B &R 2 R B3, FUHER S ERSIIA
10% " 15%, 4 FURURS WHERC J7 B SRR ™ H AT B E ik
BRI EMT AR, REEEE R, X — 3R T H
FUREALAE
5.2 INTAERARE, HEMREFE

AW R T R R T TR 0 S AR O BRI R FR R &
FHB R RS AER B R B2 /N IR A BRI AR e v ™ s Tk
HI ST HFZRAETHEFE NI, AT
R, GRERASHE—2 BT, o0t X BRI EU AR T3
R
5.3 MARARE RS, KW HHRA

ﬂ} ’

20

AR ZED TR B &M B ERBEL HA
Fl A& CIAFEZER . AR B IE BRI, &
I TARFE ) 2, Bz RGOSR 3% Y WS R
AT S5 HL At AR 5 AU TR FA C L B Fe el R BESEELE JR 0L
IS IR AR
5.4 fEFFBRIMEER, HIERTEE

EERERE S KRR SRR, TR A SR, &5
AR HE RS, 2 AR

RTEERE 2 B b A AL, S TR fEfE. 38
WAL RE, S DL MR R I R R

6 BHE

BN R AL, AT RN, Lt
ISP 5 O R TR, AORFT B R FA 7 1 ¢
s
6.1 HEBEBRIH TR, IR R

IR DR ST bR DB B TR
o GRS AR DORRHR DO R A, SCOUE
Fers S TSR BR ST s SRR Sl A T2,
BRI AR A R 5 R
6.2 FIRMGBARAMIER, RIHALL

TS AN 952 £ B SRR, AL T2 B,
NS R e S N R T
PN R, S SRR PR s
RN, R TR 4, BRI I T R,
T A
6.3 FHRNEAMTIN, LIERLIH

BRI R AR KIEL, R ST RERE IS 2L
Rt SR EE ARSI AT, R R s A
BRI 6 @ REHETRA 0P 0 G BB . 383
UG 1%, EBRSCRERE IR LA T RN #1457
IR AL E WD) IR KIBRERIT I, 3 A O
FREAR.
6.4 HBAT WM, SBENEERR

HEE RIS Gl 5 5 A A T AR, 2 -
BRI T8 IR0 G, SOURIARIT AR, A
UM, WHOERRA" s FERRMREE. R RA, 128
AR s BRI TR (URRERD MR
i BRI BRI
6.5 LABILH, HAP AR



RN AFH  Agricultural technology research 55 1 3%%5 07 #] 2026 £

g

EET AT

KFE 2 AR>S S RO TR AR REUR,  IIOREERE TR AL B R
HES RN B s B SEEERE TR AR VG R, T RO N L5 1)
WA, $RTFFRAE AR IR SRR A, S
AR AR, SEIUEE R VLR S & IR PR A I 3T
MU H AR
7 &

EREVE R SRIRT V2 AR BR A AR AR R, a4 EE
LR R RS, TR ERTE RN SE D,

S 3CHR:

M RAZhY) . FE KRR &R T RIS R A TRk
B, BERERERIRIE A, SRR R R IS S Y, T
FrER IR G VRIEEAR A R B . 2 nr s R A A0
Tl i BN RE I A i ey N2 BT AN 28 GE S8 391 ) 7t
R RRTIEE AR R B HORGUHT. RS 4
BEREE, SN FIRERS . B O RN IR S TR
FREETHOR, WM SR & & IR B I R ERE, DI E &
Ol T RS R R e A DR SR

(1] ARIGAE, SRS, (g, &5 BER 08 FR 0 B SRR A = g SR (] b & ik A&, 2011, 47 (9) : 73-76.

(2] gEREW, FEmET7, (@], &, L VU2 FRESEREE TR RS 20 T [T 1. B0k DMk, 2015, 36 (1) < 24-29.

(3] Feumtk, B EME BEREAEZN Y E F7 A BLA AT Feadk ke (1. FPRHE I, 2011, 21 (5) :50-51.

(4] F4e4=, 240 35, B X, 55 B R I U Rk A0 I ORE K I ) RL B AR HORR b SR i 1 3R R e (DD, T 08 RO R

2%,2001, 29(2) :61-62.

(5] Bk, 54, 9, 55 TP g e [J]. Ly & es B, 2008 (1) : 35.
(6] HRMEAL, XUH, FLLIE, 55, AR HEE A IR EOR A R RS AR L], o AR 2019 (12) $45-48.
(7] BELRYE, FBEE. RS AEAZERIRCR [T, BRI AT, 1993 (5) 1 28-29.

(8] FETL4k, AT, 252t 2. WREXS AL TR RE . JE S 1k RE

ERVIBEEER R [T].  EE A SR, 2018, 38(3) :25-28.

(9] AR, skt XIE =, . TEOREAE ARG HORR i R B RCR I 7 LT, Bkl Tl 2020, 41 (8) :32-35.

(10] Ty 55, 25 rbopl. e ] v P 4 PR R R [T ] o L 97 4, 2003 (4) < 14-15.

(11] FRiESE, BhEEDS . REESE LR AR [T, JE vk g, 2009, 34 (7) :34-37.

[12] ®MPR3L, ek, kil 5. BRI R SR A [T]. s qok gl 2, 2009, 37 (2) : 44-46.

[13] BX~7 %, T2 2R, Barl s g a8 DRk i) (. BRDRE D0, 1994, 15 (3) 1 25-26.

(14] PHES, FETE, TR, A R T 32 s R 8 SR [T ). v AR, 1999 (6) - 24.

(16] AF50 R, M@, W, 55, BRI o A= 7= TR S B F= I T A 22 i sg m [T, vh I 9% %2k 3, 2016, 36 (2) :10-13.

[16] BrehE, FHEFE, dRHEI, 5. WORESRR A8 72 A % FDR A 00 R 72 L], 1RIRHIE 7L, 2017 (10) 1 1-4.

[17] SRk, ZZEETE, MBOL, 5. KRGS RS A R Rhxt P 48 B R W SO AR e [T, shrE 77241, 2012, 24 (5) :901-907.
(18] I Fife, Yutgoe, FVR s, M il e o A i [T ). W Bkt 7, 1989 (5) :20-21.

[19] H/h=, HEIE. BRI IR Ry S [T]. iRk EE, 2009, 37 (2) :29-31.

[20] R LR4E, HWE S, Bl e 75 & A0 A= BOR (1. h E bk}, 1993 (5) - 20.

[(21] & FAk, 200, sk B 4e, 5. HOROMH 48 42K P 0T W 2L 70 se W e B V5 % . JE 408 pH FIE g B BE s [T, b [ R 508

R, 2008, 24 (2) : 21-25.

[22] sk¥utly, XIEZ, BRI, . R BRI S00 = d R R A s s [T ). 58, 2019, 41 (16) :45-48.

(23] S, R, MRk BR, 5. BOREE AR EDRR A i R A B T LT Bk Ak, 2008, 29 (12) :18-20.

(24] TRFEE, T, 2800, 5. B RV S DhRe R AR B &£ IR A (], T E & HURE, 2025, 61(09) :82-88.
(25] B4, R4, BEX, 55, REERORITE BERE COR AP (1 R ROR I 5T LT ] IR0k AL 2, 2002, 30(3) :58-60.

(26] Mo, BoAb. 6 E B s 7 [T ). A E FRfu e, 1993 (2) 1 12-15.

[27] e, R, BRME. A FEEFRAKCE T T8 RS

i), 2004, 32(7) :21-24.

8 T AR R 9 ()], T IL A bR K 3 2 0 (1 R



g

ersmm LNV FARWFFE  Agricultural technology research %51 %% 07 ] 2026 4F

(28] IR, UG ME. BERE LB E 77 b BT AT Fe st e (). Tk BE, 2011, 21 (5) :50-51.

[29] GuY, LinY, SunL, et al. Optimising substrate conditions for microbial fermentation of vinegar residue[J]. Journal
of Animal and Feed Sciences, 2024, 33 (1) : 355-362.

[30] Du Z, LinY, SunL, et al. Microbial community structure, co—occurrence network and fermentation characteristics
of woody plant silage[J]. Journal of the Science of Food and Agriculture, 2022, 102(3) :1193-1204.

fEEEN: kT (1997—), 55, DUK, WRFZN, Luist, SR TILRROREEMBEA R AR, B siemiRes, o
FITFNER I T

22





