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

ZHANG Yafei', LIXi', 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: 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, and the texture degree was improved to 1.14.
At the microlevel, the p-folding ratio decreased, the S-rotation angle increased, and the enthalpy change value also decreased
to the lowest at 340 r/min 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/ tex-
ture, 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 struc-
ture and quality characteristics were mutually confirmed, which is expected to provide theoretical reference for the prepar-
ation of plant meat by high-moisture extrusion technology.
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Tab.1 Measurement results of basic and functional properties of different protein raw materials

HEEER EAR S R% IR % Rk % et
KE5reEn 74.66 £ 1.10° 81.83 +2.66™ 630.47 + 36.90° 218.83 +10.13*
KT 4472 +1.12° 84.21 +0.25° 101.80 + 1.58° 111.56 + 1.84°
Aok 67.94 +0.36" 5.82+0.10° 126.07 £ 0.06 75.00 +1.71°

T [ — SBR[l PR 3R A B P25 (P<0.05) .
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2 BAEEX SME BRI
Tab.2 Effect of screw speed on SME

YRAT At/ JE i i .
L mmyNm) HHLIRAE/ (k)-ke )
(r-min™") (kg'h™)
300 46 + 0.60° 24 + 0.45° 3614.88 + 114.90°
320 47 +0.80° 26 £0.33° 3635.84 £ 108.01°
340 51 +0.40° 25+0.22° 435853 +72.53°
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Fig.1 Effect of screw speed on the moisture content of
extruded protein
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Tab.3 Color data of extruded protein under different screw speeds and their correlation with moisture content

BT 1/ (r-min™) AE L a b
300 16.83 +0.12° -13.40 + 0.20™ 497 +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°
IKOFE AR C R AL 0.785™ -0.286 0.848" 0.878"

A8 AR R B R AL A 22 5 (P<<0.05) , "8 P<<0.01 251 (XU A HE iR 3
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Tab.4 Peak area ratio of moisture distribution in ex-
truded protein under different screw speeds

EFFEL 7/ (r-min ™) Ax/% A /% Axnl%
300 2.84+0.96" 96.02+0.89° 1.15+0.09°
320 2.59£0.67°  96.10+0.65° 1.31%0.14"
340 0.23+032" 97.45+036° 231x0.57°
360 0.59+0.46" 97.73+0.45 1.67+0.08
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B8 (ST FK T8 B % S Bk S5, T B — )
P B 3 (b) W SR R i s e S5 SR R 3 (a)
(R —20, SRR | B VR R — . B
3 () HAHBULEERE M BT D) ) SEAR R 3 ETHR S, 9
[ BT e TR R, IR RS B TR
TRERFAH 78 340 r/min BRI G 1.14, FHHE
FE&E KA B 41 0 2 [8E BOAH B SC BRI 2 204k
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Tab.5 Textural property index of extruded protein under different screw speeds
AT 4/ (r-min™) i3 /g ik NELIE B2 /g BRI
300 11240.75 + 595.79° 8910.42 + 805.46" 8139.59 + 195.00¢ 0.79 + 0.06*
320 18 078.81 + 809.69° 13 790.74 + 870.20° 12 244.15 + 731.97¢ 0.76 + 0.02°
340 23 618.43 + 837.33" 18 796.86 + 606.59" 18 000.86 + 723.46" 0.80 + 0.01*
360 21 066.83 + 185.78" 17 166.91 + 183.53° 16 413.53 +723.29° 0.82 + 0.05"

T [F— SBR[l PR FoR A B P25 (P<0.05) .
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B A WA A 3 K, AT B A0 LU0 25 T
(P<<0.05) , LN M 28 oA B2, p-%% #A Le i g
K, #E 340 r/min B LA 2 5 K {H (23.85 £ 0.98) %,
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LA (945 5 — 3, Zhang 2500 & R b 2 184
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0.05) , p-"%# L9 i 2 Tt i (P<<0.05) . X AT BEJE
TP AR AT SN T SR AT XS YR B DA FH e
Rz AR P, R TR p- I B T R,
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HR ARG SRR R p-5E AR RS54 .
242 HAFH
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FIR R 5 A8 4k, A5 20 AR MR (T,) RIS AE (AH) |, T,
R R ZS A IR e M, AH U P 25 A
P R R 5 s 2 1A A TR A AR 1
S L 7

Bl SR AT R R IR, T, WA B 2R (P>
0.05) , £ 340 r/min B T, Fem&Ih 172 °C5 AH A4
WEMZER] (P<0.05) , 7E 340 r/min B, %5728 A/
i, RPN T R Re R AW, 5945t
BT B 14 FL AP T B AR XTI o %% i 38 K & 360 t/min
J&i o KA T R R AT e SR MR AT A P, SRR T Y
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Tab. 6 Secondary structure proportion of protein raw materials and extruded products under the changes in screw speeds

B3/ (rrmin”™) Bi A% B A% BV & LBl % TEHE i EA% oY EL A5l /% B AR L%
E=)zva 17.44 +1.03¢ 1332 +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° 4374+ 0.71° 9.81 +0.01° 20.96 + 0.72° 23.76 + 0.74°

T : [Al— S AR P REFROR LA B 22 57 (P<<0.05) , -4 & LUAF = B HLff] + B, LEAf




2025 4E 6 H

SRAEE, A5 MEFFRHO R B R A i B A R R +33 -

®7 ARBAEENFEEATHRENEERM

Tab. 7 Effect of screw speed denaturation temperature and enthalpy change of extruded protein

ARYEIRE T,/°C

LR T/ C Y&AEAH] (J-g™)

YEFF4% 3/ (r-min™) EINEE 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°

1421.00 + 5.66*
1377.00 = 7.07%
1262.50 + 64.35°
1285.00 + 5.66™

182.70 + 1.56™
180.45 + 0.35°
181.50 + 1.27®
179.80 = 1.27°

T W — SRR PR R LI 8 2128 5 (P<<0.05) .
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Fig. 4 SEM images of extruded protein under different screw speeds
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Fig.5 SME , quality characteristics , microstructure of
extruded protein, and their correlation
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