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Effect of Screw Speed on the Quality and Structural Properties of High-Moisture Extruded
Protein

ZHANG Yafei', LI Xi', ZHANG Baowei?, NING Haifeng', KANG Ji', GUO Qingbin'
(1.College of Food Science and Engineering, Tianjin University of Science and Technology, Tianjin 300457, China;
2.Tianjin Jincheng Intelligent Technology Co., Ltd, Tianjin 300202, China)

Abstract: The technological parameters of high-moisture extrusion technology have a substantial impact on the actual
production,which is very important to the quality of high-moisture extruded protein products.In our present study, by setting
different screw speeds, we explored the effects of twin-screw extruder on the quality characteristics, structural properties and
specific mechanical energy of high-moisture extruded protein products, and further investigated the correlation between
these characteristics. The results showed that, at the macro level, with the increase of screw speed, the moisture content of
the product gradually decreased, and the peak area ratio of free water was the highest at 340 r/min. At this time, the hardness
and chewiness of the product reached the maximum values of 23618.43 g and 18000.86 g, and the texture degree was
improved to 1.14. At the microlevel, the B-folding ratio decreased, the Protation angle increased, and the enthalpy change
value also decreased to the lowest at this rotation speed, and the fiber structure of the product was the most obvious.
Correlation analysis showed that there were significant correlations between specific mechanical energy and
hardness/elasticity/chewiness/texture, between free water peak area ratio and fiber pore structure characteristics, and
between denaturation temperature and secondary structure/hardness/elasticity/chewiness and other texture characteristics
(P<0.05). The results indicated that structure and quality characteristics were mutually confirmed which is expected to
provide theoretical reference for the preparation of plant meat byhigh-moisture extrusion technology.
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TERE: BEAMFERE SEBARFREEIRS
151 — BN BRI A — 8 2 32 K AL 5 —
SRR MR AT A o — AL BT P e i e R o B ) A B — N
KEA AR ST IV E - B R H1— BURENL

BAERAR: AMARARG A EEE: K9
Blek=1: 6: 3 WILLBEATH K. (EFHT =ik
WIGHT, E BRI IRLE 60 kg/h, KiorE&
WEN 62% (FEAERARGIKPIHELLEND, HFEN
L RNVIILEL, 1. WBCN R B, T-VILEGR FE %
SEMRIN 80°C. 155°C. 160°C. 80°C. 50°C. 40°C.
MR HE AP~ (8] AR, AP L EAK T 300 r/min,
DIRENARE 57 N  E g HER S Ko b S 1 ) T s ) O
FHLEE N A G R AR, RO R, 28
RHRRIHFEIE R, BT DO BIBAT I BR300
r/min, 320 r/min, 340 r/min, 360 r/min.

1.3.3 UK AE( Specific Mechanical Energy, SME )
M)

TES RIS FE Al Sk UL BT % R 1
MR ER R E, AR SR &M NS
TP RaRT USRI, B RS TS A 0 R
2rxnxT

MFR

SME =

A 4

A SME NLEHUIAE, KI/kg: n NIZAFFEIE,
r/min; T ANHEHNHHE, N -m; MFR NJF & &, kg/ho
1.34 BHERTATHEFEEY F bR H
M)
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Z 8 GB5009.3-2016 (& i /K Il e ) Bz
T
1.34.2 K55 F i sLE M
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BRHE S, LRGSR IR g
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(CPMG) JF4IM5E A Jig- B e gt e (T, U2,
NS &H&E v 14, TW &EJy 1000 ms, EH 3K, id
KR (Tas Taas Taz) Bl
1.3.43 @&&FemE

K CR-10 4224, PA A 8 A4 4082 A BRHERR,
HTRIEGZ, f#HIHAE. L. a’. b', AE NEfH
%, LW, +a'/-a" A /skth, +b"/-b A M
[, BEHLIUE 10 NASFIRL A
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SEINEREIN IERAEE S, RA TA-XT
Plus YW, AR 38T (Texture Profile
Analysis, TPAD € He ™ it AL . 5P L NELIgE
FESE AR bR AR ST 20 mmx20 mmx10 mm
B EREMEEE, T P10 FATEER K, #1E
ZH: PAAET S S JEIEEE A 2 mm/s. 1 mm/s< 2 mm/s,
TIEFEE 50%, [HRGESE 3 sUS), FEE R, IR

INEE 5 K.
1.3.45 AT AT E

S Y ERNIETINERSAES S, BRES A 1
mm J&EBAER AR & 1, KA P35 Rk, LA
0.5% 118 E R3S Mg &, 25°C R LE 0.1-20 Hz (58
HEAT A4
1.3.4.6 #HLALE SN Z

HAUEE J9R F TA-XT Plus B PEIRA S 51
WEET R (ERBTYI D AEPFATFHIET R (9
EECR7I A DI N =Ibl %75 S s & Waltribei ) 1| L P 7
RSN 25 mmx35 mmx10 mm, #E{EZS%$: HDP/BS
Pk, MBET. L JEEENY 1.0 mm/s. 1.0 mm/s,
2.0 mm/s, BYVIFRERE 75%4, MGG ER 5 K. A
/(1

1M B 1) 7
HEMEE % = T %100%
A5
1.35 $EAF4E BT ZIRHFEE G UL H a9
-4
1.35.1 —ZBLEMEGNE

2% Xia 5715, BREC 1 mg £ 51 150 mg
TRALER R B B, SR A B AR R 2L, R
=T 500-4000 cm™ YEFE P LA, E S
BAFESHE 4 em™, 4 64 . K OMNIC 9.2
BAEHFRERIE. i, RN A RERM
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FEMTAETRIUET, BRI, Sk
BRI ERS AR AL, PRI 2 mg 5T 3R,
FIAKL 3 5K (BREFEMAT R EKE), REZE
AR EIACGHEATIE, THEEFEE N: WE
20-210°C, FHE#EZE 10°C/min, IR EE 3 K.
1.3.5.3 fhALLE M E M

BREF VIR 10 mm>10 mmx2 mm FR~F, A5
BREMHTIE T, 2% Wu SN, g TR
oty FH XU e 7 o] 5 FE AR b, 84 15 438, 7F 5.0 kV
(USTN e H Rl A T R ARBR LA, LA 200
AT B
1.4 BIESWH

W P15 1R B 5 SR~ B A AR v 22 3R,
K FH Origin 9.0 {4« IBM SPSS Statistics 26 55} %{
PEFATACFE, 115 Pearson FHICHEFEEL

2 HBRE5SH

2.1 AEIEAERERRBERMERMINEEN FNELER

AT KRG EA KRS Bk 24T
Frlk, X =AEURLE H 0w A A R 5 A
WIERL. R 1 P, KEABEANEARS
A R, HAA RO AR YE ARG K
ERAIRmE AT, SRR FAESE
ThaeRF M UIA oG A ok S 1) 22 B B AN 224
WA, AT mR ST S A Y R e R A X 2% 5
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*= 1 ARZEBEMERMEREINGEMFNELSSR
Tab.1 Measurement results of basic and functional

properties of different protein raw materials

) BAR WA FKME FRmE
FEER
EE /% 1% 1% /%
KGrE 74.66+ 81.83+ 63047+ 218.83%
EA 1.10° 2.66® 36.90° 10.13¢
B 4472+ 8421+  101.80=  111.56+
PR
1.12¢ 0.25° 1.58¢ 1.84°
- 67.94+ 582+  126.07+  75.00+
i
0.36" 0.10° 0.06" 1.71¢

e AR R R A R EEZER (P<0.05).

22 WEMFEERTUXTEENAREE (SME) RIS
SME & f5 B 5T & A S RIA Lk R A FE AR 11

M2 2 i, BEEBRAT R, M SME

BEHRLY(P<0.05), X5 Maung??'fl Liningwei?)

MIEE AR — B0 B i3 hn 2 38 IEAT 5 YRk 2 T8

RIBERE, 3R BT MLALE P B IS 0 AR R,
M 46 N »m £ 55N +m, i LA 25\ 52K H SME,
X F) 4979.54 kl/kg.
®2 ABFEERTLXT SME BISZ00
Tab. 2 Effect of screw speed change on SME

AT 4 ek HIHE R & N
LEpLIkEE /k)/kg
/r/min /N ®*m /kg/h
300 46+0.60° 244045  3614.88+114.90°
320 47+0.80°  26£0.33*  3635.84+108.01°
340 51+0.40° 25+0.22° 4358.53+72.53°
360 55+£0.50*°  25+0.55° 4979.54+54.78*

e F—FIRAFEERFRE REEER (P<0.05).
2.3 RAFERT I E = f s R R 20
231 HATHRZATHEZLGK,EE. AG
JE R AR €0 AE K

HE 1 Frs, BEEBH RN, K
EHaE R T EEP, (HE 340 r/min B LS, RIFHFEHE
(3G 2 E kLR B T iy, SEU= MK K.
K 2 SR BRI AR AL B ™ 7K 20 it RN ] T
A, K ILAREOR T E MY & A Wik & h
KAIERARGEY, B 2 sl e BIA AR CRER 2
6K, BEEIK, BHIK, BEE R RE K,
Vg 3288 () 35 45 G K BT Mm%, X5 Ko & &
FEARH A —5, RS, HoK B3 gk
FEBRARG, (k™ it N 3R 5 40 1 TR R A Bk o

X
ﬂ .
0.57
2
ng 0.56
=)
0.55
0.54
—_
0.53
300 320 340 360
YEFTHEE / r/min

B BHEERTUTHE~RKSSENTHES
Fig. 1 Trend of moisture content in extruded products
under changes in screw speed
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FA R

W 3 Pis, SRR 7 AN a”, b A

RFE (P<0.05), XF LB AN EE, SOZEAE

=
EIEEMER (P<0.05). BEEIEIHEE KK,

a’, b BTN, a” M 4.97 F 3.70, b"M 8.93 F 6.37,

X ] B S e T B R o 4 i P R ML T A 45 B B T

T VBl 595 5% A8 s B ()R P 125, B ARG o (i 21l 3
IRERE, (0457 il B % o« AHSSHE 73 AT s

WK &R 5AE, a*, b 2L IEA 5 (P<0.05),

T WG TG K e L8 N AR B Ty, B K
B NE, g 27 i .

—=— 300r/min
1504 [—e— 320r/min
—a— 340r/min
——360r/min

LR

T T T T
0.01 0.1 1 10 100 1000

T,/ ms

2 MEAFRERT U TR E AR 25t iediE T, RIEE
Fig.2 Inversion diagram of water relaxation time T2 of

extruded products under screw speed changes
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Tab.3 Colordata of extruded products under changes in screw speed and their correlation with moisture content of finished

products
WEAFHEE /r/min M EAE R L L a' W b
300 16.83+0.12° -13.40+0.20% 4.97+0.15 8.93+0.12°
320 16.93+0.12° -13.67+0.25° 4.53+0.06° 8.90+0.26"
340 16.20+0.28° -13.60+0.23° 4.45+0.07° 7.60+0.14°
360 14.93+0.21° -13.00+0.26 3.70+£0.01¢ 6.37+0.12°
AHKREL
B IR S) E 0.785™ 0.848" 0.878"

e 1. A SRR TZRRERE S FMEZER (P<0.05); 2. *{E P<0.01 25 CRE), HAEMEE.

232 HATHB BT GERIFERGKSSH.
JAM) . R BALRACE 6%

2321 AT BT IHEF Koo ik sla
#

R 4 NEHZHSHREORE) CPMG F1ITH 5
HIBE e Ja RIK RS W TAR B, o Ay N5REE &
IKBJUETAREE . Ag RISEEG/KIIETAR L. A N
H H7K F g AR B

R4 BIEETATHE~RIKS S HIEEREL
Tab.4 Peak area ratio of moisture distribution in extruded

products under different screw speeds

YR AT ek BAAK BEAK H 7K

/r/min A 1% Ay 1% Ax 1%
300 2.84+0.96"  96.02+0.89"  1.15+0.09°
320 2.59£0.67°  96.10£0.65"  1.31x0.14™
340 0.23£0.32°  97.45+0.36*  2.31x0.57°
360 0.59£0.46° 9773045  1.67+0.08"

VE: FASINRF S BEOR A REER (P<0.05).
& 4 oiralfd, EmiEstkEAanE, Koy
TEG KIS, Horb, B KA i A

Fl I 55 2 o 186 KT 2 2 3 48 n (P<0.05), 7F 340
t/min BFER T IE SR KAE 2.31%. £ N E H
JK UG TR AR K R 25 5 T R AT 44 A FLIF 45 7, 220 340
r/min R B T LR S5 R R SR A . (E 360
r/min A BT F%, 0k B 22 0 381 2 ] X 2 25 # 1 3|
—EREZ )G, FIEINEE, TR X B R i
BT FEBTY, AR 25 4 FLIR 25 ¥ BT o
2.3.2.2 AR TALTHIE & Sb bt RAF AT
WK 5 Fras, WEAFEGEXTEEE . RGYE. nHE R
HEELW (P<0.05), XHEE IR A G212
(P>0.05) . Fifi 6 RT3 3 (1) 38 K, 72 57% 334 340 r/min
F1°) N i il R NEL WS E Ok B B K{H 23618.43 g
18000.86 g, it A 18796.87. ik JFHyksiikF]—
ANECR R G N, JREEANR,  — 5 T S i3
ESS i NCT Y DA EY/E SNEOL 087 WAY: BBV R VN K S 3T =i
RGOS EEY), MR T EARM S TSR 07
T 4% SRS 5 ) BEE AL P94 RE B (R D0, a0
PRYPEHENLE P 1015 BT B (]8R, 360 r/min B 4704}
FERLTE I TR R A0, AN JE A2 1 R 4 1R R
.
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x5 BEFEERTUTHE~RNRETFIHERTLER

Tab.5 Change of texturalproperty index of extruded products under the changesin screw speed

BEFFHHE /r/min Rz /g itk MR /g & |
300 11240.75+595.79¢ 8910.42+805.46¢ 8139.59+195.00¢ 0.79+0.06*
320 18078.81+809.69° 13790.74+870.20° 12244.15+731.97¢ 0.76+0.02°
340 23618.43+837.33% 18796.86+606.59° 18000.86+723.46" 0.80+0.01*
360 21066.83+185.78° 17166.91+183.53° 16413.53+£723.29° 0.82+0.05*

E: FSIRARTRREEEEZR (P<0.05).
2323 AR TATHE S Se AR, it R BT IR R ETHE S, G BT 715k
Fe 20 2 JE 6 AT T T, & MASME R LR TR
AT E GIURFEM AT, WA 35, 7£ 340 v/min I EE RIS E 1.14, RUTRFT
B GURRFEAIRPERSL I 3A WA, GRITGYBE B A B T4 0 2 10T R ELAS IR R L A 45
R B R Mg I %, HArA SRR M. MikB—ERER, WUAhSmASLE 2
¥ Gt G, RYIEIR SR R A SOEIERERr, Il SRR R IRAT 56 ) e 2 iR UL,
RO RIFIFVEVE ST . BEE AT R, G 5 Ferawati ZFUIBFF S R — 50, BUS RIRAT
£ 340 v/min e, RPBATHEMEIAEDT&EA W RUHREEEEAUIE R (B E) 6/, 15
JRAK 7> TR B W SR A M, TR — e Wit B AU RS8N, (E 0 e g i 2 3% K, 3R BT 1)
3B PR AR AR E 7] 3A TR ASE S — L, IR EE 4RI .
WS Kk, MBS . B 3C PHL ML

8000

4000

(EEETEE:
1.0 H—w— T4 1 TSP

7000 - 3500

6000 - 3000 0.8

5000 |- 2500

/Pa

4106
=

G'/Pa

4000 F- 2000 £

G

04

3000 f- 1500

2000 4 - 1000 02}

1000 - 500

0.0

. . . . . . . :
H 0 5 300 320 340 360 300 220 240 360

/Hz SRATHE / r/min SRFEREE / r/min

B3 BRARRTATHRESRIORE (A, ¥4 (B) RARKE (C) THiEH

Fig.3 Variation trend of rheological(A), elastic(B) and textural degree(C) of extruded products under the changesin screw

speed
24 BMHEBRTUTINSEFREEE~MMUESE e EEASEEAFERE.
CERkd: A WG IR AT R R SE n,  p-4 2 O HU A e 2 R

241 FATHE R AL T 2R = o R MG 7R (P<0.05), TCHLG IR bAN G2, B % A bufsl

il B AR 2T AN E1E (FTIRD $HARZ HATHEAL  In, 7E 340 r/min (8% LEAIIA B 5 R ME 23.85%. B
AnEE TN, THTWEORERNAL AR R AR E QR AR S R, X 5H
e, MZLANE P E T s s A W e AR AR T, | SR EE 45 B — 3. Zhang S50 & BLX — A5 R )
M E A TR RIAZ O 2, WhG 1 BLR, BEEFEME N, Sriybn p-3rS sl i
W RN (1600-1700 em™) XA —gi4E  FH R (P<0.05), B HMLLLEIEINEE (P<0.05).
PR, AT HED AR (R B A AR, X AT BB T3 e G N T R AT X R ) BT IR

M 6 AT, EAFEESERTIEEAR R A RIELZ R, FEATS B-IrEER T
AN RE (P<0.05), HEAREHT o-BFef -9t REM, SBEIHSIE BN B AN, R
SR TATEM, B HARMTIGMET LTEM. ARl S E R, RITSMEARS T
FEFFE S, -4 A o- 12 b 451 S5t 25 189 0 (P<0.05), B K EA IR ERENYN B MR
TR (0 L 2 R % (P<0.05), RUIFFEfE  IREF4ESEH.
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Tab. 6 Secondary structure proportion of protein raw materials and extruded products under the changesinscrew speed

B /r/min B1 /% B2 /% B-#1& /% TR S /% o-IBTE /% B 1%
BBk 17.44+1.03¢ 13.32+1.11¢ 30.76+0.98¢ 14.22+0.67° 7.56+0.56 19.34+0.45°
300 35.20+1.06 19.40+1.02° 54.60+1.00° 9.76+1.00° 21.77+1.00° 13.87+1.04¢
320 27.23+1.20 18.73+1.03* 45.96+1.00° 9.77+1.00° 20.53+1.01° 23.73+1.03*
340 26.23+0.74° 20.13+0.85° 45.47+0.82% 10.49£0.96 21.92+0.96 23.85+0.98"
360 23.61+0.77¢ 19.24+0.75° 43.74+0.71° 9.81+0.01° 20.96+0.72° 23.76+0.74°

e 1L FESIRAR TR R BEEER (P<0.05); 2. B-#r&=p1+p2.

2.4.2 HATHE R AT AR = b AT 69 0h
Z A AR EIGE (DSC) 7T LU R F R HE G &
FR R G784k, 15 30 PEIREE (Te) FIEAE (AHD,
To S WLEE S5 M 3R E 1, AH A 7 S5 R 1)
FEPL, R 7 HEIR, MEBAEEEC, Telkf
352 57 (P>0.05), 7£ 340 r/min I Tl M5 5 4 172°C,
x7 BHERTHTHE

AH % 5.3 0 22 5 (P<0.05) . 7E 340 r/min [ {5,
JEAR Nt/ IME 1262.50 /g, 32 BH LG8 R ST RE &
AW, 5gisikrh B3 & BB BRAR X R
1M Ja X TN 1285.00 J/g, FIRE ARG, SN
ZLRF IR IR LK R ZUPY, oy FREREEAR R, X5
B NI 45 B AR — 3

mEMREMETHTLER

Tab.7 Changes of denaturation temperature and enthalpy of extruded products under the changesin screw speed

AR (Rt REE T, /°C

SEUUIRLE T, /°C ANEREAZAH /)/g

PEFFFEE /r/min HLRTRIE T, /°C
300 162.40+1.56°
320 159.95+2.76°
340 163.90+0.28°
360 162.60+4.81°

169.10+0.99*

170.90+3.11°

172.00+0.71*

171.45+1.48*

182.70+1.56™ 1421.00+5.66"

180.45+0.35° 1377.00+7.07%
181.50+1.27% 1262.50+£64.35°

179.80+£1.27° 1285.00+£5.66"

W F—FIO AR R R REEER (P<0.05).
2.4.3 SRATAEIR TALTHE = S 4 5 6 35h

R BT B 41 4 45 W Y BUR BT 7 ST
FEENLE A AR, EERCIRE T B & B i
MUKEHESY), @i KA ERRHITAH, N
TP B — R [ £ 4 25 44 B2

] 4 AN [FREAT 238 ) F8E 1E], 300 r/min
R 7= i 2 T RO A FLTR S, (ECR T 80 A 7 1 2
W MBI NF] 320 t/min B, P25 TE I E0R
SEK, HEPVBONEESE s 1E 340 /min B, 72 S HE

FIEFTZ IR 2 0 B LA B, 450 AT 4 I
{H 2 5L 1 03] 360 r/min I, AR A B BE A BT
A%, EAWTREILG. DL, BB (18 n
A DA B 5% 7= b T 3 5 N 350 (1 £ 4k 40 22 45 H4
A [ IR MG ST, BRI E 45
PO, Ui v RRAT 5, AT BB AR LB 1 45
P, X5 ERKEF P S50 — 8, R
KE|—EREE, FEmiRMRE S, WS
M ER %,

300 r/min 320 r/min

340 r/min 360 r/min

B4 BAEERTUNETE~RE e RE R
Fig. 4 SEM images of the effect of screw speed change on extruded products

2.5 BEFFEEIETT{L T SME. HE~REmEEM. &
WEEH B b A1 (B RO AR % 1% 43 4

HIE 5 A7%1, SME 5AE, b, a"BZffHxk
(P<0.05), 3 BHBEAFE 3G XA S ML A BT D)
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TR, fEEHERIER T, 25757 5 Eie A
W, ARTHECE PR, SME H5FMRHE. HE
REE R 2 IEAHE (P<0.05), X5 Pietscht™fl
Palanisamy!® [f] 4510 40— 20, 2R B 3G Iy 35 10 s 7 F0
HHA BT 5 A BB A S 3G in, BEEE. H
g P S AR P 2 SME 138 v 364 4

VE: BEMAKE, #xx P<0.001; **, P<0.0; *, P<0.05.
5 BBAFEETHT SME. HE~RIIRBREE. HMNLE
g R ftbAi1 2z 8] B9 AE 5K 1 P [

Fig. 5 Heat map of SME, quality characteristics,
microstructure, and correlation between extruded products
under changes in screw speed

AT FE AR AL S B KU TAR S AR E . 4
UL Z [ # IR IEASC (P<0.05), H HI/KH
W THT AR AR Ak 5 4H S S A S 25 TEAH DG (P<0.01),
I il N E K 7345 5 2 e I FLIR 45 7 BAT
FHRIE . 72 BOBERE . bk MH R S5 AT 230 5
PR 2 TR A AR 1 R 25 A IE AR R 1 (P<0.01), B
HIEAT A AR, PR RRE 2 18] FLAE ORI, 7 i
S8 58 (10 48 T 2 A4 il AT BE K F) S84 AT EL g 2
B S VR, B B TR SRR 2R,
A AR A R A AL R FLIR 2514 o

BEAT R AL, HEEF SRR S  Te.
TR BT S, B ERMSEREREMCH
(P<0.05), {5 AH SEMTMRIEARE. p-IiE
5 B Fe A I AOE (P<0.01), RUJIEFH
AR, (675 B-Hr & LB T F%, B E A G BT,
Te 5 B HMEILEZ LML, W p HMEHER
JE T b W e e AR E

Te. B ¥ 5 HMRE . HEULE 2 8] R B35
IEAHRKZR (P<0.05), Tek, FRHIHHL™ IR
WA ARG SE » B e A RIS Bh 177 dh B HES R
FREFYEIRGERE A BT 7 % B R 4 i B A e A
S B RE, 0 U BB IR i A O

SRR PE AN iy TURFPE Z AP AE A ELEE I SR &R, R
WIAE ST AL i e e = B DDA R T, R A U A
AN, WA REATEFT A S HES, g 5
P RE I R S FE

3 & it

ALK EHBEEA KM BINER
HATIR G, TRIL T XAUBEAT 55 AL IR 3 %) =i
B H 8 A7 0 BRI, O &E R R DL B AL
WREEMIRZM, FRAHT T LR ERE 2 TR IO AH 5GP . &5
RER, BEEBFFEE (300-360 r/min) FH0, 2
FEXTEE E ARSI 13K, S g SRk 2
() ()RR AT, {2k 2 0 JSAEAL A A A AR S
IR E 5 57 2 T B A AR A o 7= it JoT A e 1 A
HEULES SME 2ILIEFE (P<0.05), 5 L'FIAE
SIS, RHRE. SRR E N SR L R AT
E 340 t/min [IHE S B OE, 150 B PR i i ek
b 7RI N IR A5 B I ) B Rk A e B DR
ANHITTE R B I A R e AN AT e 2540, B ™ b
IR S o OSSR R A, B-HT B o B8 i
K (P<0.05) {14555 I J5 15 21 25 16 T 2 E (1) e
PRER, HEEREER, -, BHMm. At
T RHLE FE AN (P<0.05), VLB B #E A ELBIRY
0t 25 B B NS T 25 . 77 ) o TR
PE. OSSO RE M 2 (0] LR AH O (P<0.05),
& B AT T 1) AR AN 2 O B 1 O T 2 TR R A B
TER, o 8 i AR VR AR BE AR G 1, AT S e
oty )t SR o

AR SR S B 2B 77 15 MR AT L RS (300
r/min. 320 t/min. 340 r/min. 360 r/min), M ELALHK
Ae M RRPE . TSOUL G5 M = AN 4 B O3 BT B AT e Tl AR
X = S BRI, T BB RGN AR R, X T
Aok AL P T VR TR AR P S MU 38 ) 1 T R A EL IS
SCRERRE o H A S U0 i M 5 1R AR R
JRIEAT R T, AR E AYRHENLE IR A
X\ KRR DX DA R A0 DX B AN [F] B B P s PR, )
FAEALT A 500 S5 M AR B 50— B BR 4, AT
DL, W RAEIRTT L ESHUEAI v] LgEAT LS55,
RICHABY BUE A R RS R AR, AT
JEH I TSR AR BE A B ) e S .
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