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Cop AL A2 B DRI FU T, AL A S S i it B 22 B RIS LR 7 U PP S . (b0, dbat 100081)
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WORLAA R BT B 52 2 3, SRR G HOANE], skt
LS E 40% B PERE (5 L 20%. YR ER A G 20%.
PR 15%. A EIZF S B 5%, s
LIRSS ORI AR SN b AR N DY o B s
TERNRANEE R . PRIUER 7 — € 7K 40 LR T R AL
A HRITHRL, it DAVE 2245 5% JEURE O RIORE Fa R} 5T B 52 0 1)
R R ETemY, e b, |ARENEE PR E
BUEFRIRNR, HO B BRI 2 AR R ) o R AR
BERW., BARET, EARERENFEQE ST
BRI, g6, RBE. BERRBENAZIX 4 ME
PRI R R B K A T R 2 R i 2R AR,
SN FLI AR . R S5 T Re R 7 AR R R i 1T - BURORL
mER RN R, R, G, A
T R IR a0 25% 2050 ok A 1R K B
HAT, A RE A R0 3 AR P AE D Re 1 o)
Jont & &K YER I s S5 D7 T, RO I AR A
FulE WARGE . BRIk, ASCEA SR M. SO, R
KA (Distillers Dried Grains with Solubles, DDGS) . 24
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WP 5 AhER A ERHEAR RN 2% AR N EAT DR
LA XS, BE TEAN R B 3 R R R 5 el R A 1
JREOZE SR, 335 w0 UKL TR 5T 5 R BERE (1 G BE TR A7
xF a1 R PR CR AT SR G VA, 9 TR
FRRHR B Al Bt S8

1 #R57A%

1 ER

Tk, S R S2H1. DDGS Mg R I
&, LEEMRE A (Clostridium autoethanogenum Protein,
CAP) Hdbnt & BIAEM R A IR A A9t
1.2 Rt

WK SR MR SRR, DDGS 575 2R
KEHES A FLAE 2.0 mm [24F F TR (9FQ-50B,
JeatEFNMHIE G RAFTD , Ak o 5m,
B AFERS T U E 37 0tk e AR
(CH-100 BUK ML, TCB AR AN EIE AR A FD
THUAXTIRA, Ffh AR B R ARG, AR B & )
WAL 44, BLES 35mm) « K& (10:1)
VBURE 80 C. RATIE] (80s) X VA HAl BT il ki
(MUZL180 Ziilkitl, TLHAFEEERD , idskhilRid 2
HAH KRS HL

PRI I ) JEORE AR Bk B EAT BENLECRE 3 Ik, A
TS FRIG PR AL SR AR . AR =tk ALk 7= &K
50 kg, fFEMPRALERERIHIRS, RS 5 min HU— R0
WL, 3 IREE, BEREL 3 kg, BURCRHE T AR 5 K«
IR IBREARIRAE 2 kg BTN TR ARSI, TR
TREN B EE T 4 CUKFRAZ AR
1.3 MRS A
1L.3.1 ZBhR#H

K% GB/T 6435-2014 Gkl /K 20 By ) 53k
T, |ASGREILE GB/T 6432-2018 (FkFFHEA
0 e - 9L IR B0 BEAT IR MR T i I GB/T
6433-2006 (TARL AR AR T 00 E ) BEAT I & R AT YR
H8 GB/T 6434-2006 TPk rokH 21 4 () e - g8 vy i2E4T
=
1.3.2 34ud84%

EABMAIE: PRI 60 HIif, FREGAFE 0.3 g,
HEMHE] 0.1 mg, BT 50mL B0, A 30mL 0.2 %
AR, FIHZERREEEE (UMV-2 R 28
WA A, AL RBE R A AR LA 2 500 r/min
PR 20 min, LA 2 700 t/min 250> 10 min, #ERHFEEE
W15 mL FIEALE N, 1% GB/T 6432-2018 #EATI AL, B
EEHAEAYRERAMNEEASER (¢ , IHHEE
EEMREE, A ur:

WABME=2C,/CX100% (D
A G FRR 15 mL RGP EERESE, %; C&
NP E AR, %.

7K (Water Absorbility Index, WAI) KK

(Water Solubility Index, WSD) & %: FEfioR e 70 H,

2.5 g #Ef T 50 mL B0, I 30 mL 248K, F
P28 R e IR & 2% LL 2 500 r/min 3R % 20 min, B J57E 4 C
T, LL2700 r/min B0 10 min, HUELJE B ETE BT R
BHE G R FRIL, #8135 C RT3 hfEE, BUHET
e A or e S I o - /A V(1 N
WAL=y Wy X 100% (2)
Kb W R RBEOEBOE NI E, g WeRnTY)
FIFER R, go
WSI=W.y/ Wy X 100% (3)
K W RoREE TR LG E YRR R, g
W B THIBFE iR, go
FHERRAEE: B (25.040.1) mL Z&UEK, BAKE
SRR, SRIGAREL (5.00£0.01) g WFE (R4% 14%i 3%
IRPEAREE K A, F R B2 A 28 TR/KAE S T Y
KRR BB AL (ZM100 BUPRHRE o0 A, I8
EAERIZEAN R B IR AT , AT standardl, AT
SEREFERFAEME . A PSR U E R E . IRIFRIE .
S TR
1.3.3 MmIEE4
AR RYE GB/T16765-1997, FRiAEN 1 h 5l
JE, AR B AR R 1.5 kg (my, @) 5 X
WA 3 UGt s (2.5 mm) , ff BRI E (my, g)
THE 3 R B R E A R R B E g EE
WAL, BEEUAERERE 500 g B TR (2.5 mm) , it
Hm ERR R R E b, BB
AL =my/m, X 100% (4)
WKL AP (Pellet Durability Index, PDI) FIZ IE i
At (Modified Pellet Durability Index, MPDI) : Hit §i
(2.5 mm) FKE 500 g, LERUREIR A A B b AW
¥ 10 min J5, IERRE EERRTE (s, g) KIE
IyEe, Bk AtE (PDD U BUSH (2.5 mm) ki
500 g, % A\ ASM-E880 i H:HLA, EA 50 r/min [8]%% 6 min,
W58 ORI (my, g) HIE 0 EL, RUMEIETR A
(MPDD) .

PDI = 5 %100% (5
500

MPDI = 4% 100% (6)
500

fHFE: FIH B (TA-XY2i, Stable Micro System
AT HEATRORCAE LI E, ICEWTRRTIEE (ND
S & 20 ECFIME .

TERPBIALBE . VR AL FE AR IR A 1 5% I BDRLE ke
M 3 SR P 0 52 AT FE £ 77 5 ke T )
1.3.4  #lka6est

R AR R BRI S (kg) ek
HLEE SRR EIEN T (A , THEREE R H R BEFE (KW-h/D)
AR
kA 1009

60S

Hrh MACRIER SR RE T R RN, Ay UARHLE,

=1.7321U cos 0 7
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N 0.38 kV; SARKRURL H 1 4bE2 K} 1min (5 5, kg; cosd
REHHH, B 0.85.
1.4 St

TR0 HOHE DLF 0 AR R RN . BT SR A
SPSS 20.0 # AT FLR 3 J7 22 50 T Cone-way ANOVA),
Duncan % # HEGER I 2 7 B &M, Pl P<0.05 AZER R
F. HIBEREE E R S ERE, e HE O S
TE TG B ERSY Z 3RE, RIS EE T 48
AR AT

2 HZRES

2.1 EBREMSREMBNEFRMBUERIER
AEE A RS FR bR S E A R 1 . A
I 2 1 JFURR K 0 A VE BN 7.12%~9.87%, Kt A

DDGS /K7 2 2 m T HALE B R (P<0.05) , LR
BRI 2 IR 2 B AN A8 A k) i) 2 1 ol i o 0 4k
TN 16.09%~82.53%, ZMHREEAMNEASELRE
T HARE AR (P<0.05) , DDGS HIE A & & &I%;
AR R 0 RE G 7 R o SO VE RO 0.19% ~
10.00%, DDGS HI¥HAEI& & (P<0.05) , LEERR
A A ORI I 2 e AN ) B 0 S ) (R 4 4 i o 40
BALTEE N 0.05%~11.80%, SCHIFH A4S B
(P<0.05) , MatA%m, CBERR R B A IR AT 4 & s i i
AFEEA RN EAERE SRS 11.74% ~
93.44%, CLFERR W E AWM EABMHE B (P<0.05) ,
SR B VAR P B 5 FhvAE (1 Rk IR /K M H 5 21 55
FIHEBIIN T Ny AR B 2 1 . SAH . FRAA. 3284, DDGS;
WK P R 7K S P 4R AR S A I AR A A

F1 FEAEBEMEFEIRSELMER
Table 1 Nutrition indicator and physicochemical properties of different protein materials
, LI R E
S St
i H o Kk S L. ek % H . Clostridium
Distillers dried grains
Item Soybean meal ~ Cottonseed meal Rapeseed meal . autoethanogenum
with solubles 5
protein
7K 43 Moisture/% 9.10+0.02° 9.87+0.13¢ 7.75£0.17° 9.77+0.04¢ 7.12+0.02°
T S % AR & /ML Protein content/%  44.29+0.42° 45.98+0.25¢ 40.24+0.05° 16.09+0.01° 82.53+0.25°
Nutritional indicator FLIRI Crush fat/% 2.000.08° 0.5020.01° 1.4940.03° 10.000.08° 0.1940.01*
LA 4E Crude fiber/% 5.9340.10° 10.54+0.11¢ 11.80£0.19° 6.58+0.15° 0.0540.00°
FAIREE ¢ d . b .
P + + + + +
FLIER Protein solubility/% 78.1240.05 81.65+0.1 11.74£0.53 62.61£1.14 93.44+1.02
P hy;”“*;f,mlcal Wkt WAL % 277.40+3.05¢ 238.09+£0.39° 197.38+0.37° 140.23+0.22° 397.015.73°
roperties
P IKVENE WST/% 11.43+£0.07° 13.45+0.02¢ 18.05+0.34¢ 19.17+0.09° 6.02+0.20"

e R ATEOR R A R RS E R A EE (P>0.05) , ARTFERREREE (P<0.05) , TH.
Note: In the same line, values with 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.

AFNEA MR E R 48 hn 5 AL R R 2 BR.
AR R R A B T A (P<0.05) 5 MR
HEpHA AT 2R E S THR &Y (P<0.05) ; DDGS
MNP & R R T HRASHP<0.05), 3 H DDGS
MR A S R SRR A B R £ 4 2 R AV PEFEAR SR ME M SR, FIREMEINERS5EA
MR AL, B VAR BT HAh % 2 (P<0.05) 5 JERHAI 2 7 )L — 8.

Fz2 AFEIEEMHEBEFERSEBEAENER

Table 2 Nutrition indicator and physicochemical properties of different powder mixtures

CHEREEAANEASENEABMESRES THA
FH (P<0.05) , MLFYES BHAG AFRA BB K
PEH SR SS HET N CRER R 4L MERIZE. SR
¥H4 . DDGS H, SH AR ZER (P<0.05) , /KIF

i H SR A4 A DDGS 41 mf:fii il
ltzem So be;; mc;al rou Cottonseed meal ~ Rapeseed meal Distillers dried grains with autoethanogenim
Y group group group solubles group anog.
protein group
7K 43 Moisture/% 11.68+0.05° 11.83+0.01° 11.37+0.06° 11.66+0.09° 10.73+0.01°
Rt R [ i =50 31 Protein content/% 19.16:0.01° 17.93+0.28° 15.62+0.07° 11.46+0.03° 31.44+0.05°
Nutritional indicator FHAEM7 Crush fat/% 3.14+0.02° 2.63+0.02° 2.93+0.01° 5.51+0.09¢ 2.52+0°
HLZT4E Crude fiber/% 3.38+£0.01° 5.07+0.08¢ 4.68+0.06° 3.53+0.02" 1.61+0°
& {E B % Peak viscosity/(mPa-s) 1 441.33+8° 883.67+10° 668:+4" 954.67+12¢ 731+8°
R {5-#7 %% Hold viscosity/(mPa-s) 1 400.33+3¢ 755+15° 631.33+5° 846.33+4° 637.3342°
Ph & 0 B | B4 Z5 Final viscosity/(mPa-s) 3197.67£15° 1539.67+29° 1 345£13° 1 865.67+9¢ 1618+17°
y;;g;‘; e O ARFIVERIE Protein solubility/%  70.09+0.36° 72.35£0.324 50.08+0.38° 64.97:0.78" 75.68+0.27°
WK P WAT% 157+0.96° 166+0.87¢ 141+0.84° 111+0.69" 217+1.78°
IKHEE WSI/% 7.8420.06° 7.65+0.06° 8.0420.04¢ 9.140.02° 2.92+0°

2.2 HFlhIgEE S BRI REER

AN [E)JURE DAk 1) 110 B E -5 HURL ARk 5 R i b R
3 PR AN[RURL TR} il KL e FE ALY L 50.81~
59.62 kW-h/t, RiffZH AN . BEEAR b A (1 2E 1R i ks REFE A3 i

SRR PR BERE B LT AR (P<0.05) 5 A
PR TR R AR T N 99.34%~99.77%, -4
R 99% LA b5 AR ki v kL) PDI AR AL Bl
96.43%~98.53%, IR R & A FIMERIZE R PDI B3
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T HARL (P<0.05) ;

ANV kL bR MPDI AZ Ak 7 [
N 79.68%~92.72%, FiMI4L) MPDI &3 =T H A
(P<0.05) , SCHIZLE) MPDI £ fik; AN [E ULk ) A 5
AALTEEIN 74.26~130.95N, HifAL A 2R B R A A

(Y L S 2

R3 AEIFRL R R HIRL REFE S BRI R R B 1R IR

Table 3 Energy consumption and quality index of different pellet feed

T HABLL (P<0.05) , DDGS 41 fT FE Fe ik s
AN [R) 55RL T RL 0 GE R 8 A B AR ALY L 31.36% ~
45.56%, IR PR AL TE R WAL B
(P<0.05) , TAALRITEN LR B A

T A4l

kL REFE TERPILEE

ARl Energy Granulation/  Starch gelatinization A FIURLIE 20 1 {5 TEASORL I 0 Gl
1 0, 0, 0,
Treatment group (kW-hyt") degree/% Formation rate/% PDI/% MPDI/% Hardness/N
G
AL 50.81+0.79° 31.36+0.56" 99.52+0.03" 97.07+0.18° 82.58+0.39" 77.65+2.54°
Soybean meal group
s
Hiski 4L 59.62+0.94° 41.61+£0.52° 99.57+0.01° 98.47+0.15° 92.72+0.11¢ 124.35+3.24°
Cottonseed meal group
Sk
AL 56.44+0.13° 40.92+0.19¢ 99.3440.05" 96.430.15° 79.6840.32" 78.774+2.39*
Rapeseed meal group
DDGS %4
Distillers dried grains with 56.52+1.91° 32.64+0.23° 99.48+0.01° 96.87+0.15"™ 81.74+0.29° 74.26+2.35°
solubles group
R R A
Clostridium 59.420.13 45.56+0.23 99.77+0.04° 98.5320.07° 90.5740.23 130.954.05°
autoethanogenum protein
group
2.3 EEmilFHESHNEREEPRAREREFRRR D BEMM; PDI SEASE. TR oKL E
ZRE AR IEAHZG; MPDI S8 B MR oK PE RS 3 IEAH O

FEUNER 4 s, HIRLE

TR RHRR 5 IR BE AR S UKL i b [R] RO A 5%
EREHIEMHRL . RIFRIEAN

WESEASE.. BoKMEREE EMRN, NI
HEAGERE M. QO8N 18l KA GE

AR RERZEAMKG REXS5EATE. BTUKEEE % B4 DPAS DR e AR S RIORE T B 48 b5 5 TR A R BRI B
FHIEMHR, SEARMEEWMEZEIEMX, 5KEHE IR R
F 4 REMBMFES BT SR R BUR AR R 21858 B X R
Table 4 Correlation coefficient of mixed materials with energy granulation, quality indicators of different pellet feed
5 H Iterm HIRLRERE BEBTRMLLL A PDI MPDI /i Hardness
Energy granulation Starch gelatinization degree ~ Formation rate
1% & Protein content 0.355 0.733* 0.735% 0.719% 0.661 0.794*
HL4F4E Crude fiber -0.013 -0.127 —0.711* -0.305 -0.162 —-0.262
FLNENT Crush fat -0.193 -0.663 -0.268 -0.487 -0.508 —0.602
R FVARIY Protein solubility 0.181 0.082 0.9027* 0.777* 0.733* 0.634
WEAE B Peak viscosity —0.769* —0.796* 0.018 -0.172 -0.196 -0.392
{REFFERE Hold viscosity -0.821* —0.798* -0.046 -0.248 -0.279 —0.454
4% Final viscosity —0.809* —0.747* 0.072 -0.199 -0.255 —0.402
7K 43 Moisture —0.275 -0.472 —0.491 -0.343 —-0.294 —0.459
WK WAL 0.340 0.699 0.761%* 0.755% 0.704* 0.813%
K WSI -0.390 —0.702* —0.778* -0.667 —0.583 —0.740*
e R EF IR 0.05 f10.01 KF LEEESR.
Note: *and**show significant differences at 0.05 and 0.01 levels, respectively.
DLV ARy B8 FRFR AR B P bR S5 o F AR &, DA FRFE S WK . K PERZ A A2 PDI A MPDI 52 22

HPRLRERE . VERPMIMLIE . A . PDI. MPDI. ff &N
(R AR B8 43 Sl g S B A AR AR, gl 7 R AR RN AR R T 1)
PLS iR, VIR AEBGEXIMNFAERE. i/ Tl

IR R HER IR 5 s, RMEREASTE. HAK

=5 wmNhZ

L EOVEME. RAREMBOKIER R PR A

ST YE. AL EERE . RIFFRE. AR
FERB KRR ; JEA ML R A& i IE(E R
TRAFRIL . BRI WK LA LR RN o

Rl IRB RER

Table 5 Coefficient table of partial least squares regression models

Z 3 Coefficient

A Htem URLE FE . WWE ﬁi@g‘ MPDI PDI fifif Hardness
Energy granulation  Starch gelatinization degree  Formation rate
% % & Protein content - 0.135 0.124 0.159 0.160 0.166
FL£F4E Crude fiber 0.25 - - - - -
| ERY Protein solubility 0.402 - 0.657 0.835 0.797 0.673
V{5 4 E Peak viscosity —-0.204 -0.218 - - - -
FREEFHE Hold viscosity -0.299 -0.252 - - - -
B4 FHE Final viscosity -0.355 -0.261 - —0.242 -0.207 -0.248
TGk PE WAL 0.112 0.144 0.173 0.250 0.242 0.235
KM WST - -0.12 —-0.123 - - -
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KH RA QF WA AR IFAY PLS BEAL LA 2OR
R BRI BB i e /> — SRR ABE AR 1) i o A e 11 11 A8
KA RS T Z G . 0° B XKAFT 7 25, %
FERATIGE ST, — ok R AR SRR
Y, 07>0.5 I, FrS AL ARG R BINAE S . W
/N3 [ A M A& R (RD ST 71 (0D
EsH, Wk 6 Fias, BRI m 354,
R* 4 0.831~0.970, MAAIBARREL . O° N 0.738~
0.909, T AR (1 T it 7 A4

Fz o RE/NIEEEFNITREBHLE ST EE

Table 6 Fitting and forecasting ability of partial least squares
regression analysis model

JRARE, BTk IAE] 96.28% (>80%) , EFEHT 4
F oo A ERE B SR BE AT SR A VA . BT R
YA AR, 159 B F R NMRFAE ) B R R (1) 3 B S A X
MAFRMRR, SRNES.
7,=0.226x,+0.288x,+0.268x5+0.286x,+0.296x5+0.324x,
Z,=—0.289x,—0.243x,+0.248x5+0.058x,4+0.097x5—0.005x,

5= FE Y

75=0.222x,—0.079x,+0.1 1x3+0.405x44+0.339x5+0.23 1x4

EIES
Z=—0.206x,+0.164x,—0.251x;+0.086x,+0.025x5+0.075x¢
K Xy X X538 Xas Xsa xg ST AUAFIRIBERE . TR

Wy Wafey DUl
Al P N —p
5iH i$%e Fitting ability Hﬂwe fRRE . R PDI. MPDI FIHE bR UEACAE s Z+ Zon
It ability N NS NI — 5w
em components Z 0 Zs Zy NFE—EW A B F s =R A I
Ty 2o = KV 4
THRLRERE Energy 3 0.831 0738 F R
Granulation L i
SRR , 0928 0500 £7 FEREMARME
Starch gelatinization degree Table 7 Variance and principal component contribution rate
AELZ Formation rate 3 0.912 0.844 —
PDI 3 0.921 0.828 IR
) ’ p Initial characteristics
MPDI 3 0.994 0.856 D% : S e
% Hardness 3 0.970 0.860 Component it Percent of Cumulative
W RE: RBBEAARE, O° AR RAFIE .. Total variance/% contribution rate/%
Note: R*: fitting degree of dependent variable model; Q% prediction degree of 1 8.590 53.690 53.690
dependent variable model. ) 3021 24,506 78.196
2.4 FARBFIRFERESITEN 3 1581 9878 88.074
. . 4 1.313 8.206 96.280
ST 5 AR ERURHIRURALE, 5 B 1 RUR ) S B0 0280
) ) WL E FE AN RIOREL S5 B FR AR BEAT oy i, T E K E 6 0.129 0.805 99.422
T TR AR 7 PR, AR IERRFAEE T 1 AR, 7 0.047 0.292 99.714
A 4 A RORFAER KT 1, BBEFERT 4 /M B : 0034 o213 9921
x8 BEMSHIEEIEM
Table 8 Load matrix of each principal component
IiH FE RS ATHFE Principal component load matrix
Item Z 7, Z3 Zy
i} §EHE Energy Granulation 0.662 -0.573 0.280 -0.236
TERTIMLIE Starch gelatinization degree 0.844 —0.481 -0.100 0.188
K24 Formation rate 0.786 0.492 0.138 -0.288
PDI 0.837 0.114 0.510 0.098
MPDI 0.867 0.193 0.427 0.028
T ¥ Hardness 0.948 —0.011 0.291 0.086
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x99 BEINSBIREEES
Table 9 Principal component scores and composite scores

TUH Ttems 4 2 Z Zy Corfaii?iésj\core Eijj
FHI41 Soybean meal group 128 61.22 109.66 56.87 99.254 58 3
#iHAZ Cottonseed meal group 147.43 67.41 127.15 64.11 113.530 23 2
K121 Rapeseed meal group 122 64.62 110.24 59.29 97.121 44 4
DDGS 41 Distillers dried grains with solubles group 1233 61.69 108.94 56.96 96.781 93 5
LEHRTEE A Clostridium autoethanogenum protein group 149.9 68.15 128.05 65.15 1152123 1
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Effects of physicochemical properties of protein raw materials and their
mash feed on the processing quality of pellet feed

Wu Yushan, Yang Jie, Li Junguo, Xu Chuanxiang, Li Jun, Niu Libin, Gu Xu™
(Laboratory of Feed-derived Factor Risk Assessment for Animal Product Quality and Safety, Ministry of Agriculture and Rural Affairs
(Beijing), Institute of Feed Research, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: The purpose of this study is to explore the nutritional components and physicochemical properties in five types of
protein raw materials and their mixed powder, including soybean meal, cottonseed meal, rapeseed meal, Distillers Dried
Grains with Solubles (DDGS), and Clostridium autoethanogenum Protein (CAP). Key indicators were determined on the
processing quality of pellet feed and energy consumption of granulation. A comprehensive evaluation was also performed on
the granulation of protein raw materials. Five kinds of protein raw materials were mixed with ground corn at the weight ratio
of 3:7 in a single-factor experimental design. The soybean meal was taken as the control group, whereas, the pelletized feed
was prepared with the same processing parameters. Correlation analysis and Partial Least Squares regression (PLS) were
conducted to compare the pelletizing quality of different protein raw materials. The results showed that there were significant
differences in nutritional components and physicochemical properties of raw materials, where the CAP presented a high
protein content and solubility while low fat and fiber, the cottonseed meal with high fiber, the rapeseed meal with high fiber
and low protein solubility, as well as the DDGS with low protein and high fat. Water absorption of protein raw materials was
ranked in descending order: CAP, soybean meal, cottonseed meal, rapeseed meal, and DDGS. The energy consumption of
CAP group and cottonseed meal group was higher than other group, and soybean meal group was lowest; the higher Modified
Pellet Durability Index (MPDI) of the cotton meal group and CAP group was 92.72% and 90.57% respectively, and the lowest
MPDI of rapeseed group was 79.68%. The highest hardness of CAP group was 130.95 N, and the lowest hardness was 74.26 N
in DDGS group. The highest gelatinization degree of CAP group was 45.56% and the lowest of gelatinization degree was
31.36% in DDGS group. The partial least squares regression model demonstrated that the protein content and solubility, as
well as the water absorption significantly improved the hardness, PDI, and MPDI of pellet feed. The crude fiber content,
protein solubility, and water absorption contributed tosaving the energy consumption of pelletizing. The granulation
characteristics were ranked in the order from high to low: CAP, cottonseed meal, soybean meal, rapeseed meal, and DDGS.
The findings can provide a sound reference for the selection of protein raw materials in the actual production of pellet feed.
Keywords: protein; feed; physicochemical properties; pellet feed quality; Partial Least Squares Regression



