R RMUR DT — B, B, S, % 63+

hESES: S532 XEFRIED: A XEHRS: 1672—3635(2022)01-0063-08 P ®
DOI: 10.19918/j.cnki.1672-3635.2022.01.008

/‘\ N |—‘-|

OREEFERMAF AMRERE
>-“rIJ %19 ﬁﬁ?‘/\ul 7}]4:/75%27 ﬂ“él*
(1. 730030 2. 756200 )
W OE: AW, S TELAEm IS S LA EETRMALINGR 25 AL are, 54 4ﬁ%¢ﬁ

HHWM% BETIRME, EARERE, E5RNEET ALLESABAMARES, RBRSAEFHE, LR

#— ﬁ&%?%k%7ﬁﬂﬁ~%%%%éﬁ%ﬁﬁ%pn%i KA A H A fmmiﬁﬁ%%ﬁmﬁwﬁg
23k, AP A 5 R B LA BE R A R ATIR T, EE MBS RANE LA LSO R B IR A, DA
AR A 69 B 50 Ao KR AL B 15 SRR

KR LAEE; KB AR; AAAR

-\\
\vb -

Research Progress in Feed Utilization of Potato Residues
LIU Lin', ZHAO Yuci', SU Dehua?, ZENG Fankui™

(1. Lanzhou Institute of Chemical Physics, Chinese Academy of Sciences, Lanzhou, Gansu 730030, China;

2. Xiji Wanli Starch Co., Ltd., Guyuan, Ningxia 756200, China )

Abstract: Potato residue, a by-product of potato processing, can be fermented to improve its nutritional value, and it
is easy to operate and suitable for large-scale promotion when it is used as feed. Potato residue fermented feed for
livestock and poultry can improve production performance, immunity and economic benefits of animal husbandry. The
review discussed the nutritional characteristics of potato residue feed resources, the technology of feed utilization, the
impact on livestock and poultry production and economic benefits, and also discussed the research and application
situation and development strategies, focusing on the analysis and summary of the quality evaluation indicators of
microbial fermented potato residues and benefit, which may plays a guiding role in the research and development of
potato residue feed utilization.
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20154F, ARV FRE AT EE Sh B AL [ B AR AR AR E A 533.33 05 hm’ L f
flom 2 H R SR OO RSSO AR R, AR R R AR AR S R i B
Prt, 2020 4F 4z SRS E B R E 142, & %ﬁ@%%ﬁ%@%ﬂo%%%%%%ﬁﬁﬁ%

WimEHE: 2022-03-15

BHE&WB: EZEESHLHRITH (2018YFF0213505) 5 7 & [ali4% A6 X # S HF &5 H (2020BBF03018)

EF® A XIH(1990-), Z, #it, BIRE TR, MI %N T s FE0r5T .

*@{5{E#& (Corresponding author ): 4 JLiz, i, WFoin, TEEMNFDRENN T IE IR, E-mail: zengfk@licp.cas.cn,



-64.

PE A 53685, F14, 2022

AW R, B E SR E RN, kA
Witk (o, HEREEA WSS, M (EEEA T, o
PR (A RN BT v, SH R ek i ol
e A ) R i DR R — o R M) ) S R AR B R HL R
RPERIMT SR Tz k.

FIHT, Oh P 4% 25 i BT s 0 ) 32 2 B 0]
MR 22 I K Tt Ak B HR AR A AR BT K, (O
Sy AFAEAR KB . (1) ARZAE PR B4 i A
NERLE RN EZE, EAE R, HA4EE R
w L, WAL (2)RE THAIM 5%
WKy, Ao ERR, WAFFz IR, BT
BRKBEFER, ARy s (3) e Gl Wy dh i
FE, SRR, KRS, R RBTE E R
YR NI, 8 7 E A AR, AR
AL g R PR FMRETHZES FIE,
SR VWA 1) A e A P e A A DR i i 1) 5 3

EHT, DRSS UM N L) X SR S i )
(05 R EEA 2 F0, Hop— Rl w2 oK
A 2 R BRDRL, W1 K S B B, FRGE
SOl Y o L SR (RNl SR 1Bl A od
YRR . KB A AR RS A D
WEFER DB, 1 Eh 4% S I 2R )™ B4 i
EdSIRESE VLIV E Bicyiel =l Cilinpic b IRAy )| T
M HYEA . R 2 A AT, S 2 Ao S
(LI S R DS S € 2y € | R A

AR ) 2 e e 0 B A O B R R
MR CEFREE Ll PR B E R A e
T Bl 2 W e (5 ok A 0 R P A £ 4 R
3 v I SR FH 3 (ol W M e BE A0 1) P S i 55
Ky, FRT A B D A X R B {5 e, JF
i A A A T 2B R I 1% TRE
L ReRe . R R A, S AMEAR )Tz
FH L BEAR DR 25T & Ol 1AM 85 Se ik i A IR
FE) A AR SR A4 57

1 GRFEARNME

MW PR R, B T RS A A
F ARMEESR B L B B TR R LK R A i
SFEHIL s WA BORE , B R s b

YRR REA S SR IR AR N 7, ARy
1,

R1 FEHBENERBS

Table 1 Nutritional content of fresh potato residue

ECL %) FH(%) 1AL (%)
Nutrient content Dry weight basis Fresh weight basis
FHIJ5 Dry matter - 13.0

JER Starch 37 49

214 EK Cellulose 17 22

LT 4E R Hemicellulose 14 1.8

R Pectin 17 22

HABLF4E Other fibers 7 0.9

JR4Y Ash 4 0.5

E AR 4 0.5

Protein/Amino acid
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Table 2 Enzymatic hydrolysis of potato residue

[P e R SH3CR
Type of enzyme Result Reference
B FH AT 20 2 5 (B 1 500 U/mL) VA TERGE 2T 4 5 kK 14.38 ¢/100 g, BRI IR 18.74% FEVIE
Cellulase alone (enzyme activity 1 500 U/mL)

LFHEFE I (TS 1 500 U/mL) 55 A1 536 ATV RS B 2P 4E O bk 15.00 /100 g, -5 8l il R ATk 22 MK AT L (EPIE:
o - FERAE(FEE 18 000 U/mL) R 4.31%, SEHFALIER 23.86%

Combined cellulase (enzyme activity 1 500 U/mL) with

thermostable a—amylase (enzyme activity 18 000 U/mL)

T} e M 282 o — Y3 8 (TS 20 000 U/mlLL) TR, FEmds . KD FUEEREL R E A B i, BHE HEEE
High temperature resistant a—amylase TACHRE IO, SEARATR, LFAER LIRS, TERINL ST I

(enzyme activity 20 000 U/mL) I R HEVERT, A LU B S —AN AT B AR W 21 5%

Tiif i VL o — SR TR I 14 A% AR A 20 Bk B X W 3 A R Bl A A R 2 e e

High temperature resistant a—amylase
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Table 3 Potato residue fermentation strain, fermentation condition and result

R IR R BOR Z:2%5 3Lk
Fermentation strain Fermentation condition Result Reference
SRAhEE . MUEEEREC(L: D) KRS N F R 85015, RUKEL  EEE & . BRMEE RS . AOREZE
HeFli 10% 122, IREBMAE2.0% . WIRE M 4RI BERE

Aspergillus niger, beer yeast (1:1) 1 1.0%, fERBEREE31C, K100 h,

Inoculum 10% BHZEEE 3 cm

PR 22 RE 11.176 g/l HIATIERT 100 Ulg, HHRE 80 Ulg, PR R EARY  E30R"

HAhit 15%
Candida tropicalis 11.176 g/L.

Inoculum 15%

Pt AHPRZZEERE | BRINEERE(8:1.5:0.5)
Hefi 10%

Geotrichum candidum, C. tropicalis, Saccharomyces
cerevisiae (8:1.5:0.5)

Inoculum 10%

FIET | WRIPRERE . P 22 IR (8:1.5:0.5)
HRt 10%
G. candidum, S. cerevisiae, C. tropicalis (8:1.5:0.5)

Inoculum 10%

Hilhes . FHE RG22 Rk
HeR it 15%

A. niger, G. candidum and C. tropicalis
Inoculum 15%

BRI RS . 1A . P ke mERE S
HFUAT R B2

S. cerevisiae, G. candidum, C. tropicalis and

Lactobacillus plantarum

WilGpH 4.5, HEFRIEEE28°C, #5956 h,
53 250 1/min

LU R WAL BT B skl 2B SR
TAREW VLSS, 76 28CHKIFT
TREKIEESS h

IR 28 C T 53 d

A4k pH, i3k (90:10), KR
o 32°C, KEERTIEN 66 h

B L RS IRt . DA 80% . Bk
20%. WRE 1.5%. BilRE 1.5% . WHRE
ZH0.6% . BRLIREE0.05% . IK4Y 65%~
70%

Ak 12.27%

EAR SRR 22.16%,
JEORHRE TP R XU A5 3] el 3

ST

KIBERWEAR S Hem  LRa g
13.45% ., 18.53%1 22.16% T

SR OB B R R
A TR B A R 8 T
A ESR

MR & ik F 35.63%

R R

e
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K REG

Fermentation strain

Rl

Fermentation condition

BIR E = DTN
Result Reference

KA. (1)
BRI 10%
PR 2L TR RN e 22 R (1:1)

ISR Bk s Aok K (87:11:12)

(m:viv)TERE N 180 /min I, AR &

BEJ330°C, KEEAFN V2IAMT

WL F A RS 1017, HLE P HLoe

A2 8.6

HeAit 15%

A. oryzae, A. niger (1:1)
Inoculum 10%

C. tropicalis and C. utilis (1:1)

Inoculum 15%

SRR, FEE(1:10)
ek 5%
A. niger var, G. candidum (1:10)

Inoculum 5%

SR MPEERE(1:1)
et 10%
A. niger, beer yeast (1:1) KE#£120 h

Inoculum 10%

BUZEIE6 om, KBENE 60 h, KRl 3R GREEHOAS, Nk KMME
JE28°C, KA FARIIRREARAF T

FERTIARY 0.04 mg/100 g K HE60 h
J5i AT A 0.024 mg/100 g AT [#
fipH ., ST A7 7]

JEEERLEE 85015, BKEL1:2, IRERH HEASTE . RUEEAEG . Foge
TN 2.0% . TRERE TSN 1.0%, 28°C £ 4 W iE 4> H 4 55 287.79% .

229.45% . 1755.34%

N . PO IRLRE . AR (2:2:1) BINRE 2%, FERZEE 30 em. £ HEATEEIE 135%, #&E XooHE™

M 1%
A. niger, C. tropicalis, Bacillus subtilis (2:2+1) EES

Inoculum 1%

B 33°C, KEERTIa 48 h, K& 126%

3o, ARG A R, 2R R
BT ZKR(rEitk), HhsaRamER
B, EIEMR . NBURLTER) . IRRBE . APLIRSEA
PUEFRY), WEAMEYPIRRR . B 855,
B T % B UE R 2K a1 AR R IR W A L]
W, ERINAE Sh R h — IR A, SN Ay
o A T R AL R e (R A B A

BogrZz—,
o F 8 F R

DAl R MBS SA . £, R E.
FEREEEFNYNIRIE, FEZE R AT AR
T oRIE SN . R 42 Rh S & T i 7 2k
Iz, VEM A AR HORITETT ¢ /DL B, AT AR
S R R P i AT IR 3 T ~8 Tt
3.1 Ramw

RSB T oA RENa4E, TR
AW BRI 2 o R S X 4 B ) B

Gl

NS

W

HIY S ) ek st 1 EE AR A W . S e T R
FE A B 1 L2 4.
32 ERSTHY

N T &R SR LB R, &
P S B X E AR AR Z MW, 36 S U
A LAk AT . i 2R BRI RS, B R T
TERHEE R A s L2 5.

4 DHZEEREEFAEW A

BT, S8 % m A RRAL, SR8
R EERRL R N S FEAR DN, PR P R R S
LS A A YR A, Friedman” B T
— IR i B S R AR B TP BT E R, 4
SR ME T A W R Ak 200 me/100 g, JUE
T4 FRR 20 mg/100 go TAFEXT A E 22
LS BETE R N T4 B8 K B B ET S iy B 1
FROBE T AR R A A R R B, b S
— VRIS I, VE R Aol B i W A
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aE RHUEROB S — R UL BRI S a R BIESIRIINL RS, Sl ksisoR, SiE S
AHRH B TR A P i 20 mg/100 g MR AN EE Bk DRI, THAR S (RO T B A DR A ]
4 PR B ARV D R, BB —aEmnts BUROIS A A R A i
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Table 4 Application of potato residue fermented feed in ruminants

TRk Tl gy X (ELESOE TR E BN
Feed ingredient Feeding method Feeding object  Feeding result Reference
LRI S FORR T TR A & I DA [AES 45% P H IS DR R 14.19%, R HRE £
Potato starch residue and corn stalk AU P ik 3 AR 33.03% , XTI PR 3

R AN 2 PR P R T
LR BETERY T R OKFEFT R ERGI R A ST 200 kg, HIEFE217 ¢ o e

Potato starch residue and corn stalk

T iR 15% AR Bk W4 PR IRE 2111 ke/d, XTFHTC R0 2R

Potato residue feed

x5 BELBAREIERSIHWEIER

Table 5 Application of potato residue fermented feed in non—ruminant animals

ELEy (ELS0E S TRIMRASCR 3R
Feeding method Feeding object Feeding result Reference
FURR A K B I BRI ZITCASA I AR O R L, R A KIS

Feed directly after lactic acid

bacteria fermentation

WA TH R RS BN ZIUHEATRE Y HIE 6102 g, HNH14%, KBlEIHK3.85:1, B XITH™
Feed directly after combination K 12.3%, KPS ShS 3G A o e L4l 28 B A R e K 1)y

bacteria fermentation s ATHEE N 1:1.45, 25 7.4%

HAWEBEEL20% M HLBAIRRHIR WA (R T, FEARIADRHIEAE, SEm e HARh B AR SR IRdssss™
20% of the diet replaced after the FR R R % o

combined bacteria fermentation

R IR RS 100 AAAES H TR 3.20% . KA LB EREIE 5.58% . FERE R 0, fipTae
Add fermented potato pulp e B EREMR MM ENHLLR | - S IR . A B 5

10% to the feed i, WEFECMIB R

L R R I RELOE RN, BT, FEIRRURANEE, FEITIRII G SR
Feed directly after combination i, s R

bacteria fermentation

WA EREE BB 30% k) [[EATE R P T A RV TS [

Add 30% to the diet after the

combined bacteria fermentation

A R IE AR IR [t HIEEAR R 9.4% . BHE HUFEIR 9.7% . P E AR 20% RIS
Feed directly after combination

bacteria fermentation
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