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AR, FRPPN AR RIZETR S PR SRR AR o ISR EL 7 FhIEH MR IR FL ) B 6 4 nT 5E & B AR TR & A IR
A, AR B Al R ] e AR Rk T s i ke, e VR AR ER AL R R R R A A M SR AR, I (R
S5 /IN R (51 U5 43 A ST AR P R R R R A e (B PR AR DG, RSB I IR AN TOPSIS 23 M AR AS R 2E Vi A ek 1) il b pl 2
Btk 45RRY: D ANRARA B SRR KB R B A AR EER (P<0.05), WK PEAR6E 7
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HAG, XTI MEAEMIIR EEE R ER )
BHE 7 5 Bt shi e KRR RS2, (HXS T 2 FhiR
FHRZL A PR TR AR SR 70 R ke . Mk, A
RI6 E EE B TR R (IR AL A R kR B R,
T i B9 /0> 3 [ VA1 3 BT FF 9 KA B AN TR 2R 1 R 4 A B
51 5 R R R ME G R, TR IE I AL TOPSIS 43 Bt
PR SR RO A 2R IR 2 A I R B 2R A P, R A
B EURAEERE R ) R I TR AR

1 #MR5RE

1.1 R

AR F=ZIuREFRAR, TH (SBM) 4T+
BEhERE A RAT, LEREEA (CAP) Wb
HWAERB A RAR, MHRFEED (CPC) W
THEES=HMEAARAR, MM (CSM) 19T 8
WMEREAMFTHRAA, SR (RSM) BT Ibn =

TCRERHE I G BR AR, Fe4EH (PNMD T 1L R 5%
REFRMARAR, FKTPHEEA (DDGS) . £XK
HER (CGM) BT Homtakl OFilD FRAR .
1.2 Rt

ARG CHE RS EMI. fFEEE R
BER” RN, R (RISREAMRERMZ otk H
A SREC T ), ¥ CAP. CPC. CGM. PNM. CSM.
RSM. DDGS -tk #l & B IEACH| 6 HERTHER
WG, »uldrs N CAP4L. CPC4l. CGCl 4.
CGC2 4. CGP1 #41. CGP2 4. E AR A HC L J &
BREE (IR RED WE L BEHDE R RS
HAEAH 5] S A M SURLERDRE, I VR 4 e R R A
SRCAL A Rk S L 285 2 A0 P i o B AR A, 38 R e /) 3 [
VA 53 BT AIF 50 SR S AN [R) B 1 5 246 B R 1 5 R )
HIRL AR DG &R, FFidE I AL TOPSIS 23 #r AN 5
FA AN R 2R YR 25 R R 2R AR 1

*1 ERRAAEKLEREEARSE

Table 1 Protein feedstuffs combination ratio and crude protein content

4H5) Group 24 Combination HE F 7 & Crude protein content/%
SBM — 44.20
CAP CAP (10%) +CSM (30%) +PNM (31%) +DDGS (29%) 44.26
CPC CPC (21%) +PNM (30%) +RSM (28%) +DDGS (21%) 44.26
CGCl1 CGM (15%) +PNM (21%) +CSM (29%) +RSM (35%) 44.61
CGC2 CGM (25%) +PNM (21%) +CSM (19%) +RSM (35%) 45.89
CGP1 CGM (25%) +PNM (38%) +CSM (19%) +DDGS (18%) 45.45
CGP2 CGM (32%) +PNM (30%) +CSM (20%) +DDGS (18%) 45.03

VE: SBM ATHI, CAPNZMREEMA, CPC NIFKRAEEHE, CGM NERE K, CSM AAFHI, PNM AFLAEN, RSM AFFH, DDGS AEKIEHE

HH.

Notes: SBM is soybean meal, CAP is clostridium ethanolum protein, CPC is cottonseed protein concentrate, CGM is corn protein meal, CSM is cottonseed meal, PNM is

peanut meal, RSM is rapeseed meal, and DDGS is distillers dried grains with solubles.

1.3 HEEE

AARIGETE [ AL R 22 B 1 PR R AT . K
R AR R LI AT R B (2.0 mm 0 FLARD
Fo e 2 Fo R A MR, R LRI AT SR T
I, TZESECONREE 80 °C, TAFIS[A] 135s,
LEA 3 mm, KFHA10: 1. B LTESHEHER T
g E IR BUR AR L ORI RIS, IR S kI
M. FmESIN TS

R2 OCRAMRER

Table 2 Ratio of powder mixture

i H Items 4 & Content/%
F2K Corn 58.54
EHI/EE HYR 414 Soybean meal/Protein combination 39.03
¥ Limestone 0.97
3 Soybean oil 1.46
411 Total 100.00

1.4 WNIEFRS5E
1.4.1 FRALAFHIE AT

PR FE . MABEERE . FRAERE: H BT-1000 714
CEAFREEDRAAC [ e AR VR e R R S L R
SCEE L JRYERE .

Rk A BEEE A . fd ] BT-1000 344 25 A 55 0k
G sEPIRMA I f . BRI A

WK MR AKIETEFREU K : %5 ANDERSON
L) 1 AT I

HEFSBIEE: 2% 300k [16] $REER 7.

TR SR AP T (ZM100 B is b
FEHTA, BomdmAE R IR AR AT, EHER
standard 1 HEAT M 2 . 745 R P IEHOEE R . RIFES:
B RN EURE . BIAE. TR AR E
EHE
142 BktaHH4s4n

AL, £ GB/T 20192-2006 FRA R HLAE ]+
KRR

WKL A (pellet durability index, PDI): ¥l
FE S 0.25 mm 775 2 2L Brafky , FREL 100 g BN kL
Tk APEFE R A RS (NHP100 PDI Al f0) ,
PR B ISE T 1A (60 s), {5 1k Jim FR & BE 1E 0 9 _E 5
BiE (m), WEMAMERE, W (D Fix:

PDI=m/100 x 100% (1

R A A (RS TA-XY2i) #ETIlE,
or By 24 /T 0 DB BN R RE (), EE R MR 20 KT
P

WO AR (Ec): DB i R p (A2 o i 7 i
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WA S (kg), WFHERRENT (A, HHEHT
HFIRLREFE (KWh/t), Tzl (2) Fims:
E¢ = 1.7321U(1 000/60S)cos 6 2)

A TR IEFHRLE R R RN, A; UK E
N 0.38kV; SANFE PR H DAk 1 min BT &E, kg
cosd RFIIZ K% 0.85,
1.5 Zitoth

TR0 5 SPSS 26 SiiH A+ 3T BRI R T % oy
Hr Cone-way ANOVA), X Duncan [KikiHE4T £ H
B, WEFEIKPR P<0.05, RPN P HMEbRAE 2
Fon, fIH SIMCA 14.0 A7 W& /b 3R B H /047, ff
il SPSS 26 K Hi 45 330 1) A6 A2 (B Ak Ab BE L HEAT AL
TOPSIS P4/ 43 #7

2 BRESH

2.1 CREAMEMIIREEIERR

HAREM BRI E T . MR R4, K
1B BEEMIRIR R 3 s HER 3 AlH1, SHREG
MR AR BRI bR AR E ZE R (P<0.05), HAFHR
LB, AR R AR RN, (AR RS ER
(P<0.05), JE45 ARG N 24.40%~28.79%, CGP2
R 45 B B E R T AR 4L (P<0.05); ARIEMAAR{LTE
N 46.33°~53.00°, BEYE N 30.50°~37.50°, M1 CAP
M. CGC2 ML B2 T HARL (P<0.05), SBM
LRI f B AR T AR AL (P<0.05), CGP2 4B i
FET SBM 4. CAP 4. CPC 41 CGP1 4 (P<0.05).

®3 RAMRANEFIHERR

Table 3  Physical properties indicators of powder mixture

fabr SBM 4 CAP 4 CPC 41 CGCl1 #H CGC2 4 CGP1 4 CGP2 41
Indicators SBM group CAP group CPC group CGCl1 group CGC2 group CGP1 group CGP2 group
PL}E’E"E be c ab d d ab a

/ 4 577.60+1.84 573.70+1.84 586.40+0.42 560.30+8.06 563.45+7.14 587.80+0.57 596.65+0.35
Apparent density/(g'L )
IR HH 4 771.50+5.94° 791.50+4.10" 797.60+6.22° 786.85+0.64° 784.80+0.28" 799.10+0.00° 789.20+4.67"
Tap density/(g'L )
E'@E . 25.13+0.34% 27.52+0.61" 26.48+0.52" 28.79+0.97° 28.20+0.88" 26.44+0.07" 24.40+0.49¢
Compressibility/%
fRLfh . 46.33+01.53¢ 52.67+0.58" 50.33+1.53° 49.67+1.53° 53.00+1.00° 48.67+0.58° 49.67+0.58"
Angle of repose/(*)
e
FER A 30.50+0.71¢ 32.00+1.41° 31.00+1.41° 35.00+1.41% 35.25+1.06% 33.00+1.41% 37.50+0.71°

Friction angle/(")

E: RPATREARANE TP RFREREE (P<0.05), FH.

Note: Different lowercase letters of shoulder tags in the same row in the table indicate significant differences (P<0.05), the same below.

22 RAMRIKEHHEIERR

HHIRE B RHOBOKPE KIEYE WK A& A R
SR BR AR WK 40 R 4 AT, BEOKME. K
Pey WK AAAE R 2R (P<0.05), HrRoK kAR

A 1.79~2.20 g/g, 7K AR 4038 Bl A 6.59%~
9.94%, VEIKFZARLIEHE AN 2.56~2.88 g/g. SBM ZHI /K
P KB WIKEW R F & T HALdH (P<0.05),
CPC HE i/ BUFR B & v T HAth 4 (P<0.05) .

x4 RAMROKSHEMEIENR

Table 4 Hydration characteristic indicators of powder mixture

Eizton SBM 4 CAP 41 CPC 41 CGCl1 4 CGC2 A CGP1 4 CGP2 4
Indicators SBM group CAP group CPC group CGC1 group CGC2 group CGP1 group CGP2 group
i M
).M(.ri 4 2.20+0.06" 1.84+0.04° 1.83+0.04° 1.82+0.00" 1.79+0.03" 1.89+0.08" 1.79+0.03"
Water absorption index/ (g'g )
KIHE 9.94:0.58" 7.100.63° 8.02+0.21° 6.59+0.32° 6.93+0.16° 8.72:0.04° 8.27+0.08"
Water solubility index/%
. VIR o 2.88+0.07" 2.64+0.05° 2.600.04° 2.64+0.01° 2.60+0.03¢ 2.63+0.07° 2.56+0.03°
Swelling degree/ (g-g )
T gL 1
&R IR 8.34+0.03¢ 9.23+0.02° 9.95+0.10" 8.87+0.02° 7.89+0.03° 7.85+0.03° 6.58+0.03¢

Protein dispersibility index/%

2.3 SRAEMRIFESFEIER

RERRHEER . REFRE . RAFE. BN
B PR NR S, BE S, SAEERE. #
PR AR AR R AR AR EE
5 (P<0.05), H g {E Fh A Ak Y5 B 366.00~
825.50 mPa-s, {RIFREEALIIEEA 332.00~776.00 mPas,
A F AL VG Y 741.50~1 665.00 mPa-s, A8 [A] |
A P i P AR AL A X BN . SBM AL I AE B R . R FF
T, RAFEREE R THMA (P<0.05, MR
FE )R EAR T HA 4 (P<0.05), CGCI1 2H WAl %5 7
RFFRE. RAFEYWEZEMT SBM4. CAP 4 Al

CPC 4 (P<0.05).
2.4 FRAARHERR

BORLEDEL MR L FE . R ORI A R R AL
6. MK 6 ATH, FAMRIHEFE, RIR. BRI A
P, WEWEALREESR (P<0.05), HPM@EEALE
FEl A 58.75~84.15 N, Wikl HFE. BB SOk AP
A5 A VU BB AR X /. SBM ZH IR B FE R 35 i T A 4
(P<0.05), MR EEET CAP 4. CPC 4. CGCl 4.
CGP1 40 Al CGP2 4 (P<0.05), CGP2 4H ki iiif /A 1
T i 189 B2 2K F Hof 41 (P<0.05), MiUR}HLFE B E K T
SBM 4. CAP 4. CPC 4. CGC1 #HRICGC2 4 (P<0.05).
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Table 5 Pasting properties value of powder mixture
fabw SBM 41 CAP H CPC 4 CGC1 4 CGC2 4 CGP1 4 CGP2 41
Indicators SBM group CAP group CPC group CGCl group CGC2 group CGP1 group CGP2 group
G AR5 BE RE
"’.*ﬁ*?g& 825.50+33.23" 518.00+11.31° 496.00£25.46°  366.00+£32.53¢ 390.00£9.9° 403.50+7.78° 367.00+5.66°
Peak-viscosity/mPa-s
Al EF
%%*"E 776.00+24.04* 486.00+1.41° 463.00£14.14°  332.00+19.80° 363.00+5.66° 349.50+9.19¢ 334.00+1.41¢
Trough-viscosity/mPa-s
A B a b c £ . d of
. SR 1 665.00+5.66 1111.00£16.97 990.00+45.25 741.50+19.09 830.00+16.97 905.50+34.65 789.50+3.54
Final-viscosity/mPa-s
&ﬁﬁﬁ'm . 4.90+0.04° 7.00+0.00° 5.90+1.09® 5.40+0.85" 6.97+0.05" 6.90+0.14" 6.77+0.23"
Peak Time/min
AR M JE R
| RIS . 80.23+0.6° 83.18+1.24% 83.200.00% 82.38+1.17° 82.40+1.2° 84.78+0.04" 83.2340.04%°
Pasting temperature/"C
6 FRLIAREEIR A B R AR
Table 6 Particle formation characteristic indicators of pellet food
EiZa SBM 4 CAP H CPC 41 CGC1 4 CGC2 4 CGP1 41 CGP2 4
Indicators SBM group CAP group CPC group CGCl group  CGC2 group CGP1 group CGP2 group
A} FEFE a ¢ d b ¢ £ e
Electricity consumption per ton / (kWh-t) 9.28+0.06 7.95+0.03 7.70+0.04 8.01+0.05 7.96+0.04 7.46+0.04 7.58+0.02
R Pelleting rate/% 99.60+0.06°  99.36£0.07"  99.44+0.06*  98.52+0.06°  99.51+0.05°  99.38+0.01°  99.31+0.10°
UKL A1 Pellet durability Index/% 93.30+0.42"  92.60+0.42™  90.20£0.28°  92.35+0.21°  92.20+0.28°  93.45+0.07°  84.55+0.35°
fififiF Hardness/N 80.3043.38  84.15+£5.75"  65.18£5.99°  78.76+8.01"  82.49+839"  7835+6.51"  58.75+8.58"

25 REMRARLHFMSRIREE,. BRREEREX
4 53 A

XV R R AL R P S R . RIORE o & AT A
KMeodr, SR WNE 7. HET7H, BREBEKYE
REfE . KA. BEERRE S HPRIRCR . BRI A
BEMKM (P<0.05), Hrpmikl e SmoKE. Bk
FE. FHEHRFAEME 2 AR E IEM R (P<0.01), HIRSLE
P AR AR IR R R A OC (P<0.01);

HR1EAf. BEE A SRR E AR (P<0.05); BBLEY
IKVEME R R EIEMH R (P<0.01), SAesE. &
FRAEH £ 5 % EAOE (P<0.05), 5E4E% 2 8% A
K (P<0.05); FORLIN AT E46 5 WoKPE. WK .
EER R, HAFEREEZEIEMAX (P<0.05),
A, ST R UHOE (P<0.01);
LR R 2 IEAE G, a2k B AR R A R
(P<0.01).

x®7 B SHRAE I ERE R R

Table 7 Correlation coefficients of the physical chemical properties with particle formation characteristic

EiFa Ipel H e UL A T
Indicators Electricity consumption per ton Pelleting rate Pellet durability Index Hardness
fR1ESfT Angle of repose, AR —0.460* -0.033 -0.036 0218
FEHEFA Angle of friction, AF —0.462% -0.371 —0.624%** -0.330
Fa%s % & Apparent density, AD -0.311 0.435* —0.648** —0.699%*
PR35 B Tap density, TD —0.877%* -0.110 —0.242 -0.297
JE4EE Compressibility, CP -0.158 -0.519* 0.545%* 0.570%*
W% 7K 1% Water absorption index, WAI 0.869** 0.362 0.450* 0.294
7K ¥ Water solubility index, WSI 0.472% 0.572%%* -0.010 -0.193
%K ¥ Swelling degree, SD 0.903%* 0.262 0.548* 0.415
B 5 4 BUE L Protein dispersibility index, PDI 0.126 -0.126 0.538* 0.265
U {# %5 F Peak-viscosity, PV 0.883%* 0.480* 0.430 0.275
{4554 Trough-viscosity, TV 0.891%* 0.481% 0.421 0.272
25 Final-viscosity, FV 0.860%** 0.525% 0.439* 0.310
A5 {41 (7] Pasting time, PT —0.682%* 0.244 —0.287 -0.007
AZ 1% B Pasting temperature, PTP —(0.875%* —0.085 —-0.276 -0.208

VE* R R E R (P<0.05);** FoR Z M3 (P<0.01).

Note: * indicates significant difference (P<0.05); ** indicates extreme significant (P<0.01).Note: *and**show significant differences at 0.05 and 0.01 levels, respectively.

2.6 REMEIBUHFMESHRNEE. BNRERR N
PEVER 2

TR 2, HZMERREEAEMRE, bt
— M I fre /N 3R IR 3 A, DATR A A R B AR 1
bRy EAR R, BURGEDEL K MR AR R BORL A
Phy BRI AR R, o L R AR, BRI 5 T
MR F WA 8, RP BT 1 U6 WA A AL B4 Ak 0 T
0>0.5 VLI (K O BE 7 R 4F o 1R 8 WI A, 4 A
RAYIAT AT R fE AN fE

xR 8 RENZREVADTREUE ST EE
Table 8 Fitting and forecasting ability of partial least squares
regression analysis model

b SN J 73 W& aET T e
In d;éa/tors Influence Fitting Predictive
components ability (R?) ability (Q°)
W) LG
Electricity consumption per ton 3 0.9842 0.9714
KA Pelleting rate 3 0.770 3 0.6172
SURLT A f,*lrlfgg(et Durability 4 09235 07515
fifi ¥ Hardness 3 0.8743 0.600 1
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i B /N SR EA Sy AT B R LK 9, AL M
5t I (variable importance for the projection, VIP)
LT, VIPAE>1 B E A2 5 3] O B2 A I 32
ERT, mBETE, PRECEEE. WK BYWIRE. REF
FHEE. WEAHZORE. WoKMPE. SR BN ik R B3

VR AR CREFRE X M R B AR
PR ISR HAR GRS A R
o VB BEXT BURL R A ME A 35 UM s A R
IRAERE. WIKEE . AR ] AU R AL AR R
FEXH TR AT 2 2 e AR A

SMVER: ARVERF ] IROE S RSB RE. IRAERE. K
®9 RN ZREVFREARY

Table 9 Coefficient table of partial least squares regression models

bz Mt LR [IRtES SR A {043
Indicators Electricity consumption per ton Pelleting rate Pellet Durability Index Hardness
AR 0.2139
AF -0.2959 -0.2103
AD —0.4479 0.1639 —0.136 1 —0.4345
D -0.2299
CP —0.1629 0.3949
WAI 0.266 8 0.1108 0.2499
WSI 0.2012
SD 0.2883 0.1324 0.3172
PDI 0.1733
PV 0.1167 0.1898 0.1168
vV 0.1245 0.2053 0.1245
FvV 0.1146 02271 0.1136 0.2090
PT 0.4655
PTP —0.183 8
1.6 2.5
g 12 =13
> 03 )
0.4 0.5
0 - - - 0 - - -
EBEERZEEZ22208 RX28ZEEEERE%EE
a. MR HLFE b.
a. Electricity consumption per ton b. Pelleting rate
2.0 2.0
& 1.5 & 1.5
> 1.0 1.0
0.5 0.5
0 0
Qb6 F%2EGZREETRE Q5 SEfEZEZEEEEE
c. TURLI AT d. B
c. Pellet durability index d. Hardness

W VIP AR E VR RSAE, VIPE>1 FoR “EHEY AR, VIP{H<0.5 Fn AER” Ak
Notes: VIP is variableimportance for the projection, VIP-values larger than 1 indicate “important” variables, and values lower than 0.5 indicate “unimportant”
variables.

B 1 A =RE a5 VIP B
VIP figures of partial least squares regression
PR, JEEC TOPSIS THEAE SR R 10, HiF€ 10 AT,
73 AL AL TOPSIS 70 M g 2 AR RcR (Rl HORLRCR PP A, OREH AR 5 BCEE R 0N 100.00%; 7
HIAE. AR RBURI R CRURII APE. BERE) AT KGRI R, BEEEPT SRR RECR, N 93.71%.
F 10 JEH TOPSIS IHHNELR

Table 10 Result of Entropy Weighted TOPSIS calculation weight
15 2 J51H Eentropy 15 B AUHH Information utility A E &% weight coefficient/%

Fig.1
27 BREHERRASHRERITMN

1847 Indicators FEh5 Indictors

R R Ml L FE Electricity consumption per ton 0.9216 0.078 4 100.00
Pelleting efficiency . Pelleting rate 1.000 0 0.000 0 0.00
WLt Particle quality WKL A% Pellet durability index 0.999 8 0.0002 6.29
fifif¥ Hardness 0.996 3 0.003 7 93.71

AN RS B R PR AR VP WL 11, IR 11 CGCl 4. SBM 4 & AUk i & WA B B HE4 R -

wE, % R R R R SR BB HE R A CAP4H . CGC24H . SBM4A . CGCl4 . CGPl14A .
CGP14H . CGP2%H . CPC4H . CAPAH . CGC24A . CPC4 . CGP2 4H . HHEHRMHEH R KR T
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SBM 4, CAP 4. CGC2 ARk fi= T SBM 4, H

ARk AL T SBM 4.

=11 FARARHEIRI BN HE AR TOPSIS THAEER
Table 11  Evaluation results of entropy weight TOPSIS on pelleting efficiency of pellet feed

EEEa IEBRAR R RE

GO B HE P2

Indicators Positive ideal distance (D+) Negative ideal distance (D-) Relative proximity (C) Sort result
SBM 2 SBM group 1.000 0.000 0.000 7
CAP #41 CAP group 0.269 0.731 0.731 4
s CPC 41 CPC group 0.134 0.866 0.866 3
IR R SR bR
Peﬁjeiin)ézﬁ;zzcy CGCl1 41 CGC1 group 0.303 0.697 0.697 6
CGC2 4 CGC2 group 0.274 0.726 0.726 5
CGP1 44 CGP1 group 0.000 1.000 1.000 1
CGP2 41 CGP2 group 0.069 0.931 0.931 2
SBM 41 SBM group 0.048 0.268 0.848 3
CAP 4 CAP group 0.000 0.316 0.998 1
g CPC 4 CPC group 0.236 0.080 0.253 6
Qua{}ﬁijzjitors CGCl1 41 CGC1 group 0.067 0.249 0.788 4
CGC2 41 CGC2 group 0.021 0.295 0.935 2
CGP1 41 CGP1 group 0.072 0.243 0.772 5
CGP2 4 CGP2 group 0.316 0.000 0.000 7

W RHH D+ D-2M RSP REA S IE SO AR BE R, C RRIPI N RS BT RIEETRE, 2 MO W) 5 el 7 SO
Note: In the table, D+ and D- respectively represent the distance between the evaluation sample and the positive and negative ideal solutions, and C represents the degree of
proximity between the evaluation object and the optimal scheme, and the larger the value indicates the closer it is to the optimal solution.

3 i i
3.1 RS MAIEF R E R

TRA YRS PE AT DL S B B R G I TE N
GO, DABCAE SR e i AL S R DT KA
PR DL S R AE A Bt FE SR RS RIMERT s R Y
PEAT DL R AR 1 BN AR J P AR i AR U AR
WERKRY, ARMESYREAREEA AR, JUH
J& SBM H 5 & AR 2 R OK, X EERF AR H
YIRMH AN, B —WRHE FR R BRI A R
KZES, ArCAREERA YR B R M A A AR BOR
Z5t, KEESPIFIRIE TSR KA. TEER.
SEFFAA I ER AR PE, 4 S RRE 2R BAS [ A sl el i 21
A EAE R R K 2 R . RIS whFeille 7 SR, B
. SRS RS . OB B RS PR B RE
P, g RMFEFERY, Sk B R K R pl Y
MWK ES . ARFRE—YRNAR. M3l
Py AKERE. FERMENRIE TREEES, BT
RN AR R BRI R R I T R E R
3.2 RAMRIBAFEXTHIR SR A S0

Sk VR R R SCR LR IR L FE . R RS SR AR,
e e} b T O S B S sk A ) e S R Y. R R
Fe R L I 2 77 ORI R R I 2R A AR iR
e R, BAEME MR K4 E. RibMA.
BERESG . WK KV TE . 2 R A o UL LA ) AL R
ZAEREMEAVER . SBM 4RI H T8 2 IR CE,
X AT e BOMZ YR oK R i, 8 TR 5 R R
H, WRREE K o DU RS EEN R, AR T A B AR kLR T
73 A P &7 N B2 M R (S A N b VA1 =t =
HeAh, ZAY R AR S R R, BRI S
FEAR T BB B, MECLEII AL, HERIEERLL, [FFE
SEE R RERETE . RS LSS R AR, R
WUB AE AL BE 25 W0 k)55 R 1 in i 86 n 2, a8 nge Ak i %2

(¥ CGP1 4LR I T fe L AL 4%, 3K AT g2 (A D 1%
HYPRHR IS . BEE MRS, BRABIFRITREE, )
BhZ 18] LUK kL5 1 i o 0 BE 45 0 350, sk i )
KLU LIS T 75 H S B8 5% 5 I HE R, R S 5
IELALET R, BT LASDRL BERB AR R AR
3.3 REMRERCE X B R ENENT

FIURL T} o B AR A BB B L L UKL iR A Mk S5 4
Forpr, T2 EOUL S It t UKL ARDEL S 4 7 51 A2 T AR KR 47T
Be ), JBURL GRS BRSO SRR HE 3 i o A o
TR (0 BE 77, T AP b vy i P ) e AL S
O RIS R, RN R B . RGEE . R
GRS, oK YE . WEAKEE . SRS AR MR IR
S5 ORT FURL AR R A AE P TS A A AR L S A A
CAP LB s LI UKL T i, 45 3R 5 HABT oA —
Y, IXTRER N S HARHALL, CAP 4L (1 4 B
RHE, BB ERAC, R EAEA T
FE B AN AL A gt — 2B AV P AR L, Ikl A
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CGP2 R I H fe 72 MWK BT i, X AT e 2 R 9 iZ 4L
AP SRS POkt BERHEE SOV RAC, 24
YR IR S R FASRE TS 70 R A 281 B R
YIRHER I EL . SR A BIAYERERE D, WrRHE IR 45
AR, FECBRL R R

4 % 1

ARG 6 4B AR GHIA [F & AR & BRI
LKL SR RSV HEAT W T S VP, A9t EEAE R IR
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BEACHFIE B 2 2 R S VR R CR . BRI R, A
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Evaluating the pelleting characteristics of alternative soybean meal protein
combinations and soybean meal

LI Xing® , JIN Longfei'? , SHAO Shuang!, LI Junguo'?, YANG Jie'”* , LI Jun!, NIU Libin?,
DONG Yingchao' , SHANG Fangfang' , WU Bencheng®

(1. Institute of Feed Research, Chinese Academy of Agricultural Sciences, Beijing 100081; 2. College of Engineering, China Agricultural
University, Beijing 100083; 3. Laboratory of Feed-Derived Factor Risk Assessment for Animal Product Quality and Safety, Ministry of
Agriculture and Rural Affairs, Beijing 100081; 4. Anyou Biotechnology Group Co., Ltd, Suzhou 215437)

Abstract: The purpose of this experiment was to clarify the effect of different combinations of alternative soybean meal protein
on the physicochemical properties and pelleting characteristics of mash feed. A correlation model was also established between
physicochemical properties, pelleting efficiency and pellet quality. Seven unconventional protein sources were selected,
including clostridia ethanol protein (CAP), cottonseed protein concentrate (CPC), corn gluten meal (CGM), peanut meal
(PNM), rapeseed meal (RSM), cottonseed meal (CSM) and distillers dried grains with soluble (DDGS). Six groups were
prepared for the alternative soybean meal protein combinations. These feedstuffs were grounded by hammer mill with a 2-mm
screen-sized plate sieve, and then mixed with the rest feed raw materials in the same proportion. The pelleting experiment was
carried out on the ring die pellet mill. Specifically, the die hole diameter was 3 mm, and the length-diameter ratio of ring die
was 10:1. The conditioning temperature and time were 80 "C and 135 s respectively. The mash and pellet feed samples were
taken to record the processing parameters. The parameters were then measured, including the physicochemical properties of
mash feed (apparent density, tap density, angle of repose, angle of friction, water absorption, water solubility, protein
dispersibility, and viscosity), and pelleting characteristics (electricity consumption per ton, pelleting rate, pellet durability
index, and hardness). Partial least squares regression was utilized to establish the correlation between physicochemical
properties and pelleting characteristics. Entropy weight TOPSIS analysis was made to evaluate the pelleting characteristics of
different mash feed. The results showed that: 1) There were the significant differences in the physicochemical properties,
pelleting efficiency and pellet quality of different groups. The water absorption index varied from 1.79 to 2.20 g/g, the final-
viscosity was from 741.50~1 665.00 mPa-s, the electricity consumption per ton was from 7.46~9.28 kWh/t, and the hardness
was from 58.75~84.15 N. 2) The physicochemical properties shared a significant effect on the pelleting efficiency and pellet
quality. The compression degree was negatively correlated with the pelleting rate (r=-0.519, P<0.05), positively correlated with
the pellet durability index (r=0.545, P<0.05), and significantly and positively correlated with the hardness (»=0.570, P<0.01).
The water absorption index and swelling degree were positively correlated with the pellet durability index (=0.450, 0.548,
P<0.05), and significantly and positively correlated with the electricity consumption per ton (7=0.869, 0.903, P<0.01). The
viscosity characteristic values were significantly and positively correlated with the electricity consumption per ton (r=0.883,
0.891, 0.860, P<0.01). 3) In terms of pelleting efficiency, the best performance was found in the group with the addition of
38% peanut meal (CGP1 group), whereas, the group with the addition of 100% soybean meal (SBM group) was the worst. In
terms of pellet quality, the best quality was observed in the group with the addition of ethanol Clostridium albumenum protein
(CAP group), whereas, the worst was in the group with the addition of 32% corn gluten meal (CGP2 group). The finding can
provide the basic data and reference for the selection and processing application of non-soybean meal diet protein source. The
reduction and substitution of soybean meal can be promoted to alleviate the excessive dependence on the soybean meal import
for the national food security.

Keywords: soybean meal replacement; unconventional protein sources; physicochemical properties; pelleting characteristics;

partial least squares regression analysis; entropy weight TOPSIS analysis
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