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SC) FLM IR M B AR 21 K, SPI FLRARIIR A 24.80~0.39 um, SC FLIBHRIAZA 12.37~0.12 um, X} TFSP % A EEHHAT
BERRASERE AR RIL, AR BETEZZ G H TR T BA Rt ) 2L, I B 355 1K,

F A BE AR B R . YR-AT BT DDA S A 45 (Texture Profile Analysis, TPA) Wi /& I, TFSP Z&FMHMEIYI /1
FTPA JT ARG R 14 8 I S TIUPL A8 o T 3G KT 3G K o SR O 3 SR A A WA= i 7 A R TFL AN TFSP = B &
B EE R, ATRAALRIIE R /128 0~20 MPa B, SC FLIHI %) TFSP R & & MTEAE G KA T WM AR R4,

SR SPT FLi £ 11 TFSP = & &ML &8 5 RUUH X DAL R4 RE 7158 . K, SRH SPT XA 43l AR 47 il b i
FE, BIEE 38 20 MPa B, A DUR A8 TFSP ZEFM NV AR, ARG EAMIETA M T EAERE™
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fE (2.89kg/d) 92 5Ll ERL Rk, A MIREIH AT
FRELvE. AR R T, HRHES) 7 AE Y S
WK, MRS ST I TR 2018 SR 46 14350
nE| 2026 41 309 12E 0. REHEFERLEE. B
. R GRAMKREREEAAESER S, EBSE
BAOMERAE, MEEFREE, WER. DEEEH
IR B FERS S AFLH . BRI M, FEZE
IEE I TEOR, R E B 2R A U AN & 1) S 1%
IR AEIR 5, TR 7 b 2R ABL A AR5 b 1T, g ok
G A2 H (Textured Fibril Soy Protein, TFSP) . K
HZUE H (Textured Soybean Protein, TSP) . /NZZ [ i &
[ (Vital Wheat Gluten, VWG) %%,
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T AT fi o e oty T D7 o) 8 BROTRUFLIL, SRS TR
Jon ) PR v b 10 TR R P PR R S B RS i R AR L
A8 F AL AR 25 R RAOK K A2 e it 2 A R 4 S0 A 2
JRERREE, IR E = S AR . R piE s
SIS EY M, KRGS H RS I T TZ,
ARMETE i B AT S P ] it o e X 2 e, BB Y
AR, HoKHEHMES. BdaRAMANRKESEEA
(Soybean Protein Isolate, SPI) . F&& HELHY (Sodium
Caseinate, SC) %%, R Ig WFLAIE leFLik, FHd N3]
A 5 ARk b aT DA R e A I R I I 2% 254, IF R
AR R K FRH . WIS Youssef 2508, i i ik
Tl N 1) 5 10 75 B R e 7 s L OB A8 /N i Bk 1 2
BB A SR R . R, AL AR KN AT R
X ER B B R A — E R

5 441 (High Pressure Homogenization, HPH) J&
pliiBUREI YR A3 LR R NDN =L vk e PN T e
A BIUIEEAE R, AR PR RBORE 35 J5T A4 1l BE /)N VR
i TEARY. HPH TG4 72 FF A e Ao T
o, G AER] HPH PR . B & R4 A o F
AEMFLIRBRL. Cha Z5PHGE Tl HPH ] LUK KR/
FLIBIIWER ST s Hogan Z5CMRGE 1 FLI i (1 K/ Nt
B AT gk o AR, X TSR A R 35 5T 4
TOFL AT R RRLAR K /N gk — 5 5038 2R 87 ot Jo ) AR P 1
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WEFT, R WARIE . FI, ASTHIRT T H F2 K A SPIL
SC P it FL A 77 1 46 T AR 38 4% ) HPHL FA T K
SR ALV (K, WEFEAN TR HPH T (8 307U 730G
TFSP 2 B 7 i (R AR S R . A« RO 4540 FR S
LI Dy 3 I 2L AL T AR 2 R i o R SE B R B
B

1 MREEE

1.1 REHR

SPI tH bl R — AR A RS At (. % Co5) .
SC M FAHERARAMARAT . K. JTURGHK., D%
PRI E M CFRED 45T, TESP IWHE &)1l
BMERAR . RRKRBACEEYRHA RA 7524t
1.2 EEUHFEMEF

FS-2 Al mESIHML, H N EEEIRA R A
DF-101S S/ HE2S, ST AR By s @8
EEGKS RN AH-NANO, ATS TALRGHIRAR: 5
JR3C MasterSizer 3000 BOGKIE AT, JEE L /R S0AES
AIRA T Z R A MCR-301, BRI 22 A
ED ARAF; TAXTC-18 Fk, FigfrEslk gl
FRAT]; %57 LSM800 WOt R A& B, #EE-R/REH]
AT,
1.3 BEEHIRSIEMEHAE

HRFE HT IR 72, K SPI AT SC 43 %ILL 50.0. 40.0 g/L
HIARE T 2B ok, FEIE T 2 h 750K
& . SPI M SC¥EH 43 AN 40% (AFHD « 50%
AFE0D R, HEESIZEAL 10 000 r/min %38~
Pt 2 min, HRITUALK . PFLIAE S RIS FHL 0~30 MPa
FAF TR 2 K, SRIFLRIIRLAR KN 52 ¥ i 70 4 il
PIFLEE &, Tt 0.
1.4 FLRALE 57 FE IR 2 AN E

4 F 5 /R 3 MasterSizer 3000 OEKEE 73 H G & 7
MR AR ZEE N i -E A
FEAR 2 FR: Hydro LV; FURIRISCE: 0.001; 23 HGR: 7K
SIERIAT 13305 WEHERN 8% ~15%. FLIIRLE
I3 A B A AR IS 2, PR R R R AR T
BIRiAR dyp; BAFESRERNE 3K, 45 RECPHME.
1.5 A4
1.5.1 SLARHEZEIEE

FLIBT: it IR 2 L6 B R H 22 ZR I MCR-301 Jig i i Ae

e, e O £ 25 CF, K S mL A
TR I RUE] BRI & R4, A EN DG26.7, BY
PIEF A 1~1 000 s, MEAFEI TR T BRI 5
U I B ) R 1R AR AL
1.5.2 ZEREHEEREAE

Z W Zhao VHRIE M1, RMEEM. TFSP £
JEE () 8% 38 SR 22 250 MICR-301 BEA% AR 52, I %E
PR ORI R R, i ¢ By PP-50, 7E
PE R AT BRI, DLIRTS 3 A BE I 2k 1 86 3 X
1, (Linear Viscoelastic Region, LVR) . #AJ5LL 1 Hz 1)
PR 1%H N4 (4 LVR JGHEN) W& A BT IR
R, L TFSP 2 & & 7R 28 B A H L FE i 3
BURFE R AL . K R A BERE S B T PAT IR 2 (8] (TR R 1%
BHR LSmm) , #HECEATHRE B ESME S, e
W EEM, B ARG R R S KA AR R . TR
BN BL 2 C/min B E 52 38 2 25 °C hn#4 #)
100 C, 4RJ51E 100 ‘CA#HF 20 min, LA 2 “C/min FI1HE &
TR ENF 25 °C5 03 EEIGFE 1) 2% P JBERE i A
B G E Gk, FERBERME, £ 0.1~
10.0 Hz 715 [l P 5 25 A BEREAT AT R I 3 413
1.6 TFSP ZRFMAHIE

TFSP H LB F/KIZM, FHASEK12h, BT
KA KRR 3 R, ¥MKER TFSP it
Tenfly LML (FLECA 7.0 mm) , 1l TFSP #f£2, ik
2258 (1) TFSP 54 1.3 Hifill & I HiFLl (SC 5% SPI FL
B« DREZERN. RRR. URER. $hEH 5 4
BHER 1 BT NN SEEE 30 min, A FTE AL
RS R B IR G 58 1 3 RBEH JE LI AKX ( 4% 38 mm)
AT TN, WERS. BE, B 10 cm 4T
. BT REFHRANESP, LL 100 CHEX
40 min, ZRESEREBUEAHE 25 °C, HHTHSOEE
TN 4 CUKFE 8
1.7 TFSP ZREMH RN
1.7.1 R-# (Warner-Bratzler) 4 A0

ZESCHERRE Y, BEE . R R F R
B, I TAXTC-18 Fit1, TA/BS VIJI#ATEIY)
JIMAR,  CAVEAS 7 i (a1 55 280, (81 DL S A4k
AR JEPEF R FEAMFEEE A 42 mm, iR
ol e A VI DU ATIEE A 1.0 mmys, fii & /78 0.05 N;
MR E A 0.8 mm/s, 53 E M 0.8 mm/s.

%z 1 TFSP ZREHEMERRIELFI

Table 1 Proportions of raw materials and excipients of TFSP vegetarian sausages

PNSETEZA S|

D %ix (FRED AL AL g Eaiin JURER  SREER & KER2EAEK Bt
Ingredients TFSP (D;;/ %veight) Pre-emulsion Carrageen Guar gum  Potato starch Salt TFSP absorbs water Total
Lt Proportion/% 10.24 61.32 1.14 1.14 3.98 1.70 20.48 100

1.7.2 JFi#yoH#r (Texture Profile Analysis, TPA)
TPA € Z BRI ik, RifEet. XA

TA.XTC-18 FAAGIAT TPA MI5E, A58 FZ A A o (R Y

PRk (TA/36) , 4l &1 I B Y 15 mmx 15 mmx20 mm

HIK TR TER o 76 TPA MR, 48 BLR 26 HEAT 03«
R A BRI ; B ETEAE N 50% Ml 573 & K 3.0 mm/s,
fi 7324 0.05 Ny MAEEA 1.0 mm/s, WEHEEZH
1.0 mm/s. FWH TPA AR RDUNEIE . #rE. 2
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BV THEHESE S
1.8 fMLEH

FLARIB AN AT B it (1 A0U 465 74 R FH 35 7] LSMB00 ¥
FI R AR REE (Confocal Laser Scanning Microscopy s
CLSM) W% Bl & i M FLRBRE &, 258 KPR
5%, AP LAAME T AT IRE, K10 uL 508k
WAEEI A b, w By, AR s . R
FE R BAS [F) 25 R ity 6 AN g B LU0 v 85 8 ol A JBE
R, MAN R @ LR B e, F A i v i fE CLSM
LHEFRIE (HF d=20 mm) . JeZ 4 TR
G, AR Y ), TE R I SR
JBF WM TSP ERARG G, MEAgR6OE, £
R i I A (AN BOBBUR IR (488,
633 nm) ISR ICE TE X JE B A B AL e 15 Dk
FTAER ST, I8 Zen 3.3 (Blue Edition) 3REUE (% .
1.9 HiELLIE

WJCRFRULRA , BT A RIS E A 3 WK, R A IBM SPSS
21.0 XFIRIHARE AT L R U7 20 (ANOVA) , RH
Duncan's {53 T 5 08T, P<0.05 #nERFEE. K
il Origin 2018 B AEVEIA

2 HER55H

2.1 BREANAEEBIRFINZEFMN
W R T R ISR, AT R
LA TR P RS A0 3 3 3 v s 380 R L I A
(0~30 MPa) A% HIFLHRE PTRAE RN Wil 1 Fos,
B & 1505 I 1M 0 19K %) 30 MPa, SPI. SC il £ FLIR M
Kt ds, #RE /N (P<0.05) o #£ 0. 5. 10+ 20 30 MPa
i}, SPT FLIKIAR ds, N 24.80+ 2.07. 1.04+ 0.63+ 0.39 um;
SC JLKifE ds, N 1237+ 235, 0.18, 0.16 0.12 um.
U4k, il 2 Fi7R, SPIL SC BiFh ALl ihL 42 #5 2 ILAE Hh
Gy, I BEAE YT A0 R I NRLAR T 1A R, B
AR 389 R 7 R s LR R AR KN R R R,
U RT3 I SO 3 5T 70 A 2z ) SPT FLIBRT SC LR L
BRAN, IX5SClkRiE 45 R 5.
28 -

24

201 —=— 50.0 g-L'-SPI-40%-oil
-0~ 40.0 g-L"-SC-50%-oil

hifParticle size d, ,/um
IS

-—

0 5 10 15 20 25 30
)i ' JJHomogeneous pressure/MPa
B 1 ¥R SLRAAR 6 R
Fig.1 Effects of homogeneous pressure on emulsion particle size
2.2 BRENNAEEBIRENFHERIFMN
AR5 R 3 il 46 16 SPT FLIAN SC AL IR I3

FEREBT VIR A AN 3 s, WAL R ARG B
It BY DV R (10 18 i B A, SR P A AL A R A B
DI BB IBVEAT Dy, X5 Z AT 58T 8 A B FL A A
B, prE SR SC FLIRE R MR E T
AELIBT (0 MPa) SRAF T HIFLIBRE S, I HLBEE B
3G KRR K, #4957 i3 20 MPa & X LI
IR T LT B0A 50 o 3X R R 2 RA BRI SC #LIEY
RiAR R /ANARIE LB FURL R) A S5 26 AR AR L . R
i 2435 ST 10 MPa 5, SPT FLIR ML E U,
AT RERE ORI S TR, SLIB0R B AR ARk,
X RWRE FE ML/ o 24 U Ty 4k S48 K, FLHY
RIARIR N B —E e, RARFI A 20 SPL FLil
AR R BE . BT A SCHR ARl 1 FLHCT SRR,
AR P U

SC-0 MPa
12%
SC-5 MPa
g
g SC-10 MPa
2
—
o
g SC-15 MPa
S
&
S SC-20 MPa
Elé
2
SC25 MPa
SC-30 MPa
001 01 1 10 100 1000

SCHLIBURLE
SC emulsion particle size/um
a. SC FLHTHLEE 73 AT

a. SC emulsion particle size distribution

SPI-0 MPa
8%
SPI-5 MPa
®
E SPI-10 MPa
g
g
&
2 SPI-15 MPa
g
= SPI-20 MPa
Elé
g
SPI-25 MPa
SPI-30 MPa
T T T T T
001 0.1 1 10 100 1000

SPIFLHLE
SPI emulsion particle size/um
b. SPI FLIRLEE A
b. SPI emulsion particle size distribution
B2 REMHRESHT SC3LikA SPI SLR A E oA B
Fig.2 Particle size distribution of SC emulsion and SPI emulsion
under different homogeneous pressures
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S Homogeneous pressure/MPa
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>30

J—
S

.
!

o

[oe)
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SCHIB B IR

Shear rate of SC emulsions/s™
a. SC ALK BI V)& 2
a. Shear rate of SC emulsions

08
>
>
>
%
L >
0.6 b
>
>
>
>
%
%
B

0.4t

>>>
D

FE WLk Apparent viscosity/(Pa-s)

111 L1l L1l Lol
0.1 1 10 100 1000

SPLFL R Y b) 3 4
Shear rate of SPI emulsions/s™!

b. SPT FLi 81 P) 5
b. Shear rate of SPI emulsions
B3 REHFAEHNT SC5LikAe SPI $Lk M Z AL E
Fig.3 Apparent viscosity of SC emulsion and SPI emulsion at
different homogeneous pressures

2.3 ARBREDFIZHIRST TFSP ZRERTFS
ed:0pA
2.3.1 ENEMREANER

BB A = YR R B A S S A A, AR L
AR ERAN R AT MR @i X% TFSP
RN EERAT THE IR, FEA IR, R TFSP K&
F e R B AR P B R E AR L . (RS R R
FHFMEEE DL G (R A1 G (FERE) NRIE,
X5 A BE RSB R T B DA SRS, i 4 B, RIABELE
BATHESFRET, BEEBEIRIER, Bkt
VLA FLAL TR IR, 21 R BE I B s P R IR AT . IX
AR FLIBUBURLAE TFSP. ThAE e by S AH HAS BRI X 4%
gERgh A NS, B E A SR S 8u,

ERATHEIS RS, M 25~63 CHF, Fra keI G
HRENS T %5 1E 63~80 CHY, G'2UE¥EN; 7E 80~100 C
i, FTA RWEER G LR/ . Chen ZEIHF 7 R B,
L 8 Jo 7 1m0 1) i B A B R B sk L, BT

AR PAT,  — iR AR S R V85 R0k |) ) A
ER SFEUHILE /NI ShASE, H— Mo gs i E
H, hnoe TYBEEACEL, TGN 7R R . WAR TFSP
FREETE 80~100 ChnFad #2 i i EE AT NIE TR
M 100 CHAEIRN 25 CHF, i G#FEC IR B B 38 K
HHAEERG, BE% SPT LA SC FLiR ¥ i I /7 1) 3
hn, TFSP R B G, 1 B FFLIR T35 A 1) K/t
TFSP 2 PRI BE (1) 36 3 A 25 B2

¥J)%i )& JJHomogeneous pressure/MPa

4 o0
5 N
S| ik e o
&~ » 30
R R U ;
o Temperature ,/ N )
% 80°¢ \ 180 &
3 i £
& j60 3
e iz
i =
.
=7 140
S
0= - . : - 20
0 20 40 60 80 100
H 1) Time/min
a. SC F A BEIR L H Hh 2%
a. Temperature sweep curves of SC vegetarian meat batters
7.
100°c__ . 1100
< 6F . .
=
=)
st
3 o
2 >
=z 4 E
ks g
g 2
8 i
U_’ 2 =
Eind
=
O n n L L
0 20 40 60 80 100
5 1) Time/min

b. SPI 2 A BE IR BEF 141 2%
b. Temperature sweep curves of SPI vegetarian meat batters
B4 FREHREHT SC. SPI RS &00F M EWSE
Hh i 2%,
Fig.4 Temperature sweep curves of vegetarian meat batters
prepared by SC pre-emulsion and SPI pre-emulsion at different
homogeneous pressures

2.3.2 EHENRERMER

X T IR R G 1 TFSP R WBEREAT 7 0.1~10.0 Hz
YRR A ORI IR . B 5 WoR TR (25°C) B
TFSP RWEE G'RI GBEATR ARk, AR fE TR T
Wl gE by . WA R 1N, G GURIEIIXE N,
M Gl G2 T Fa e AT, AR EE M. =
IREE RN, WAL BE 5 Y TR SIS n, 78 TFSP
FWBE T RO S A0 0 B by, FE AR T 2L AL R
KA TFSP REF MR EZE R R X5
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NIRRT G5 —5, Zhao VR ILFLIM A F P W0 R
UL R o3 AT 0 A BE R A E I B B . X T g A2 A
N FLBURLAZ R /)N A M) T L 38 S0 A A i R
0], EEIREMAER, A BT IR 5 B 4 A

1051 FfPE G Storage modulus(G')

[ —=—SC-0MPa —e—SC-5MPa —a—SC-10MPa
- —e—SC-20 MPa ——SC-30 MPa

r BUFERE i Loss modulus (G")

r —=—SC-0MPa —o—SC-5MPa ——SC-10 MPa

I ——SC-20 MPa —>—SC-30 MPa

FPERE I BUFER L G oor G"/Pa

0.01 0 1 10

1
$ji#% Frequency/Hz

a. SC 3R A BSR4l il 28

a. Frequency sweep curves of SC vegetarian meat batters

10°F

PPERE B AR FE R B G or G'/Pa

$i#% Frequency/Hz

b. SPI 2% A BESZ =141 25
b. Frequency sweep curves of SPI vegetarian meat batters
BS5 TR¥HFEAT SC. SPI I H&49
FRERF AL
Fig.5 Frequency sweep curves of vegetarian meat batters
prepared by SC pre-emulsion and SPI pre-emulsion at different
homogeneous pressures

2.4 ARBREDFIZHIRZST TFSP ZR TR
E3: oA
.41 Hyhmz R

KH TA/BS YIJI%#F TFSP R & & MitkiT 8901 5
We, Bz b KIEERAEF B ). 8991507
PUS BN i & S R . i 6 i, 5
KRIFAMEL, BEE ARS8, RIANE
fa BB U S AE AW G N, B MRRIE SN, &
I 5 MPa, X FTA &GRS BT #0A B 3E 1AR m
(P<0.05) . T#Eid 20 MPa 2 J5, BEE LI E ST,
SC-TFSP #1 SPI-TFSP % & %l 85 V) /1 6 & % % 4k
(P>0.05) , VLBHTERLRIARILS]—EMMEZ G, &

Wtk & B FE ROR AL, X BTN/ S4h,
K 6c I 6d, PiFNE I IO A PERT LU Rl 7L i
ST, AR R vk, F HL7 S5 SN

5 = > T .
RS, XS R .
7
. By
i 2% Homogeneous pressure/MPa
516
zal ATy
3
&3
52|
S T
21
= ;
= 0
s
2b
3 A . . A . . . . . g
0 10 20 30 40 50 60 70 80 90 100
I [ Time/s
a. SC-TFSP R & &My v /1 ith 4%
a. Shear force curves of SC-TFSP vegetarian sausages
5 -
z
2
it
8
g
17}
R
=
=
-2 L | 1 L

1 1 | - 1 1 J
0 10 20 30 40 50 60 70 8 90 100
I 1) Time/s

b. SPI-TFSP 3 & & i 87171 /1 Hh £¢
b. Shear force curves of SPI-TFSP vegetarian sausages

c. SC-TFSP & & &Yl v #m

c. SC-TFSP Vegetarian sausage cutting cross section

d. SPI-TFSP R & & V) J# T

d. SPI-TFSP Vegetarian sausage cutting cross section

B6 IE¥REAT A LIRS &6 TFSPERAMIT 0/
LAY i BB
Fig.6  Shear force curves and cutting cross section of TFSP
vegetarian sausages prepared by two pre-emulsions under different
homogeneous pressures

2.4.2 TPAMZ 4R

W 2 fizn, SC-TFSP Al SPI-TFSP & &% 1 &5 2%
PR PELPERE R S I o YL 5 5 7 P B i 2
HRBFAMU, ANIREE 7S 7 W 05 A 4 1 5
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HeE (P<0.05) , XEFMMIFURE. RWEERR
AR . IR BY Y e 45 R 8. X T
PR EERTIN, ok FAl AR R BRI R A TR R
MM HE55 1 SC-TFSP Al SPI-TFSP 2 1 7 i ) % 14 i Ay
PEs 53— 7 S FUR IR KA 9%, LRI B /N
B NG AN ST, Befg Y B E BUR I R A 5
geh), IR T X ER RS, Rm A El.
Guan SO\ AT 1) 18 0ot 25 fi S R R P A2 R, R
JETEFEIA 2 7 AR W MR ) RS

#2 PARIRENTHIFFLASIZ SC-TFSP # SPI-TFSP £ R

B RATS
Table 2 Texture characteristics of SC-TFSP and SPI-TFSP

vegetarian sausage prepared by pre-emulsion under different
homogeneous pressures

il s Hit FFME O
Different L . .

I Hardness Springiness Cohesiveness  Chewiness
conditions
SC-0 MPa  177.26+10.44c¢  0.24+0.01d 0.26£0.01 ¢  11.34+1.07d

SC-5MPa  226.03+32.08 bc 0.28+0.03 cd 0.28+0.02c¢ 17.89+4.21 cd
SC-10 MPa  256.80+40.58 b  0.29+0.02 bc  0.29+0.01 bc  21.96+4.12 be

SC-20 MPa  286.62+34.18 ab  0.32+0.01 b  0.32+0.03b 28.97+1.08 b
SC-30 MPa  346.72447.90a  0.44+0.02a 0.40+0.00a 59.98+7.66 a
SPI-0 MPa  198.56+13.65¢  0.25+0.01d 0.23+0.01b  11.70£1.00d
SPI-5 MPa  232.57£16.93 bc 0.30 £0.04 cd 0.24+0.01 b  16.84+2.30 d
SPI-10 MPa  269.47+13.13b  0.34+0.03 bc 0.27+0.01 a 25.21+4.38 ¢
SPI-20 MPa  444.49+46.22a 0.37+0.01 ab 0.29+0.02a 48.04+341b
SPI-30 MPa  459.1743530a  0.43+£0.06a  0.29+0.02a  55.74+6.66 a

W FEAHFEIFLBIR PR AN RS R B, AR - B s Bl ) B 22
(P<0.05) &

Note: In the comparison of different pressures of the same emulsion of index,

data with different letters are significantly different (P<0.05).

2.5 ML

Kl 7 i CLSM WA A3 3 i ) il 4 R Tl L
WA KR EF IO, K PR Rl 7 1
HH AR AR 2 Sl et N SPIL SC FLI O 45 14
ATCAE Y, PR FLIRBE G 2000 0 N, LR AR
i, FEH 2 FREEISI A, ARAEREIL .
{H & SC-TFSP 1 SPI-TFSP 2 & 7 /Iy H 1)1 1 4R bt 55 22
JE SRS kN, AR A T AR R EI S .
X RE R FUAE I R RRLR . RIR &R0 FL
MR REAERRY, Sl fe R s,
SECT I BEE, A AR R BP, —Ek
R 7458 SC. SPI LA A LB S . 15
WM, WFUEMET 20 MPa i, SC JLIHIF IR
EERHEEI T AFRERRED S, i SPI &M
WO R TS 45 o X AT BEAE RN SC L ME R 1, M % i
e E R AT, AmdadiEd, FLRRRAE K,
PR 307 R N, W B R AE R AP RS2
AHXTHRI 2, SPI-TFSP R EHFMEEMRMIIE S FHEH
KA RIS . AR BT R L, 7 ik SPI
BRMERZE, S8 KENEEEASR, EXRALT
e, EABR ST R . Rk SPT FLiR A
JE R ER A A I R A AR R A R, S R R e
PRI, B s e T g R 4 ks e Y. A4,

SiE B RY, WETARER B R R AR
SEN LR R, B R, & TFSP K&
JARFAT, AN R 2 — o Bk, $3)5% 7128 20 MPa
I, SPIFLIRAE TFSP 2 & & 1N L BAT R4 FL 1k
R, MRk N HARRSS, WA TFSP R &
Jon B AE R A

R IE S WRIES BRI BIRIED

Homogeneous  Homogeneous Homogeneous Homogeneous
pressure 0 MPa pressure 10 MPa pressure 20 MPa pressure 30 MPa

@ © 0 um 2 S0 50 m ; 20 um
S 5 . xSEalemdie 3 —_ —

SC-TFSP# X #r
sausage

SC-TFSP vegetarian

SPIL
2¢ SPI-Emulsion

SPI-TFSP

SPI-TFSPH 7l
vegetarian Sausa;

e AOAREAR (TFSP) ; SEOARMT; BEOATE. EPHLh
FLBOT L RLAZ 3 A

Note: Red represents protein (TFSP); Green represents oil droplets; Black was
background. The curve in the figure is the particle size distribution map
corresponding to the emulsion.

B 7 RE¥FE GGG TRIL R A E I oG LA
Fig.7 Microstructure of pre-emulsion and sausage prepared at
different homogeneous pressures

3 & ®

1) B 5K S M 0 3 E 30 MPa, K Hi22 5 A
TFSP (Textured Fibril Soy Protein) 2 WA BE 15 & $1 3 A A
RS RRI, AN ERBEEAEGEHER TR
BRI B S5, I LR T IRAR ds, U,
RN BER #E R R GO,

2) BEEIFEJIM 0 #E 0 El 30 MPa, TFSP R &7
BT ) IR0 TPA JRA ARG K.

3) HTAALMIIFE S8 0~20 MPa i, % & (R
#4 SC (Sodium Caseinate) FLH|# ) TFSP R B &ML
AREJGRE T RO RS R KGR 25 A SPI
(Soybean Protein Isolate) L IZEIN H X B 2Ltk i 5 25
MIRe Sroe, HESEM RS HFRERE )G E T RERE,
H H 4 25 FLIR I35 5 7 KT 20 MPa B, BT DL 2 42
F+ TFSP R B Wi i et

ZE LRTIR, R S8 0 )R DA RO TEL
Kite RN SIBE S 20 MPa I, 5 SC MitL, SPI #il4
MIFLIRR RS . RABEMIRAR 55, TFSP R &M
BIUI . R B BT . TR R B TR A
WAEESTINAE, NIFRMERE. mRRNR e Rt
S,



19 H

PRGSO S TUGS i PG K L 2 3R R A M DO R A B

275

(1]

(2]

[3]

[5]

[6]

[7]

(8]

(9]

[10]

[11]

[12]

(& £ x #

Kumar P, Chatli M K, Mehta N, et al. Meat analogues:
Health promising sustainable meat substitutes[J]. Critical
Reviews in Food Science and Nutrition, 2017, 57(5):
923-932.

Scarborough P, Appleby P N, Mizdrak A, et al. Dietary
greenhouse gas
vegetarians and vegans in the UK[J]. Climatic Change, 2014,
125(2): 179-192.

Sha L, Xiong Y L. Plant protein-based alternatives of

emissions of meat-caters, fish-eaters,

reconstructed meat: Science, technology, and challenges[J].
Trends in Food Science & Technology, 2020, 102: 51-61.
Chen Y C, Jia X W, Sun F D, et al. Using a stable
pre-emulsified canola oil system that includes porcine plasma
protein hydrolysates and oxidized tannic acid to partially
replace pork fat in frankfurters[J]. Meat Science, 2020, 160:
107968.

Youssef M K, Barbut S. Physicochemical effects of the lipid
phase and protein level on meat emulsion stability, texture,
and microstructure[J]. Journal of Food Science, 2010, 75(2):
S108-S114.

Li R, Xue H, Gao B, et al. Study on the enhancement effect
and mechanism of heat-induced gel strength of duck egg
white by emulsified lipids[J]. LWT, 2022, 160: 113146.
HENL KN, T, & RS- TR BRI
B KRG B8R AR S L DD RERFPELT]. AR TR 274,
2021, 37(13): 306-313.

Xiao Zhigang, Wang Yifan, Wang Kexin, et al. Preparation
and functional properties of soy protein isolate particles by
high pressure homogenization-freeze drying technology[J].
Transactions of the Chinese Society of Agricultural
Engineering. (Transactions of the CSAE), 2021, 37(13):
306-313. (in Chinese with English abstract)

Cha Y, Shi X, Wu F, et al. Improving the stability of
oil-in-water emulsions by using mussel myofibrillar proteins and
lecithin as emulsifiers and high-pressure homogenization[J].
Journal of Food Engineering, 2019, 258: 1-8.

Hogan S A, McNamee B F, OWRiordan E D, et al
Microencapsulating properties of sodium caseinate[J].
Journal of Agricultural and Food Chemistry, 2001, 49(4):
1934-1938.

Zhao Y Y, Wang P, Zou Y F, Effect of
pre-emulsification of plant lipid treated by pulsed ultrasound
on the functional properties of chicken breast myofibrillar
protein composite gel[J]. Food Research International, 2014,
58:98-104.

Barekat S, Soltanizadeh N. Improvement of meat tenderness
by simultaneous application of high-intensity ultrasonic
radiation and papain treatment[J]. Innovative Food Science &
Emerging Technologies, 2017, 39: 223-229.

B4R, [R4E, Ettelaic Rammile, 2. JigMiIL{LiEE KE
R EARTERGGI]. RV TR, 2021, 37(13):
291-298.

Chen Lin, Chen Wei, Ettelaie Rammile, et al. Improving the

et al.

quality of vegetarian sausage prepared with textured fibril
soy protein using oil pre-emulsification[J]. Transactions of

the Chinese Society of Agricultural Engineering

[13]

[14]

[15]

[17]

[22]

[23]

(Transactions of the CSAE), 2021, 37(13): 291-298. (in
Chinese with English abstract)

Liu F, Tang C H. Cold, gel-like whey protein emulsions by
microfluidisation emulsification: Rheological properties and
microstructures[J]. Food  Chemistry, 2011, 127(4):
1641-1647.

Xie H, Zhang Y, Cao M, et al. Fabrication of
PGFE/CN-stabilized f-carotene-loaded peppermint oil
nanoemulsions: Storage stability, rheological behavior and
intelligent sensory analyses[J]. LWT, 2021, 138: 110688.
BIIH, SRIAIM, R, SE. R R - IR 5 K =
G R A RS RRE ME(0]. Al TRE AR, 2016,
32(20): 306-314.

Hu Tan, Zhang Peipei, Zheng Ting, et al. High intensity
ultrasound-heat pretreatments improving gelation properties
of cold-set soy protein isolate induced by glucono-3-lactone[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2016, 32(20):
306-314. (in Chinese with English abstract)

Zhu X X, Ning C, Li S Y, et al Effects of
L-lysine/L-arginine on the emulsion stability, textural,
rheological and microstructural characteristics of chicken
sausages[J]. International Journal of Food Science &
Technology, 2018, 53(1): 88-96.

Youssef M K, Barbut S, Smith A. Effects of pre-emulsifying
fat/oil on meat batter stability, texture and microstructure[J].
International Journal of Food Science & Technology, 2011,
46(6): 1216-1224.

Chen J S, Dickinson E. On the temperature reversibility of
the viscoelasticity of acid-induced sodium caseinate emulsion
gels[J]. International Dairy Journal, 2000, 10(8): 541-549.
Zhao Y Y, Hou Q, Cao S M, et al. Effect of regenerated
cellulose fiber on the properties and microstructure of
emulsion model system from meat batters[J]. Food
Hydrocolloids, 2019, 87: 83-89.

Guan H N, Feng C M, Xu X J, et al. Effect of high-pressure
processing enzymatic hydrolysates of soy protein isolate on
the quality characteristics and oxidation stability of emulsion
sausage[J]. British Food Journal, 2022,100(10): 3910-3919
Chang Y Y, Li D, Wang L Y, et al. Effect of gums on the
rheological characteristics and microstructure of acid-induced
SPI-gum mixed gels[J]. Carbohydrate Polymers, 2014, 108:
183-191.

TR, BRAR. RIUA ) & i SR AR E PRI 5 B R A
Bl [JOL]. & & 5 K B LTk . 1-9[2022-06-17].
https://kns.cnki.net/kems/detail/detail.aspx?dbcode=CAPJ&d
bname=CAPJLAST&filename=SPFX20211216000&uniplatf
orm=NZKPT&v=_f6t9sWdgG5mVKD6YTKahIBLOtXoIM
hHOTER8BZHWH4KIsLIvzQBqS4IDIq7RhFM.

Huang Peiwen, Chen Lin. A research on the instability and
of different food
emulsifiers[J/OL]. Food and Fermentation Industries: 1-9
[2022-06-17].https://kns.cnki.net/kcms/detail/detail.aspx?dbc
ode=CAPJ&dbname=CAPJLAST&filename=SPFX2021121
6000&uniplatform=NZKPT&v=_f6t9sWdgGSmVKD6YTKa
hIBLOtXo1MhHOTERSBZHWH4KIsLIvzQBqS4IDIq7RhFM.
Jafari S M, Assadpoor E, He Y, et al. Re-coalescence of

the mechanism of occurrence



276 Lk TREZH (http://www.tcsae.org) 2022 4

emulsion droplets during high-energy emulsification[J]. Food and interfacial properties of enzymically hydrolyzed peanut
Hydrocolloids, 2008, 22(7): 1191-1202. protein isolate pretreated by extrusion cooking[J]. Food
[24] Chen L, Chen J S, Yu L, et al. Emulsification performance Hydrocolloids, 2018, 77: 607-616.

Effects of pre-emulsification of oil treated by high pressure
homogenization on the texture properties of textured fibril soy protein
vegetarian sausages

Huang Peiwen, Chen Lin™, Din Ting, Chen Qihua, Luo Bin, Ye Siyuan
(Department of Food Science, College of Chemical Engineering and Light Industry,
Guangdong University of Technology, Guangzhou 510006, China)

Abstract: Plant-based meat products have been the popular food at present, in order to prevent processed meat from
cardiovascular disease and cancer today. The pre-emulsification technique can often be used to prepare an oil-in-water
emulsion, before introducing the fat/oil into a meat product. Compared with the direct oil addition, the ability to bind water and
oil can allow for the better dispersion of oil into the meat batter. Recently, several studies have also reported that the particle
size of the pre-emulsified oil can influence the textural properties and gel formation of the sausage. However, few studies have
reported the effects of droplet size and emulsifier in the pre-emulsion on the rheological and textural properties of vegetarian
sausage. Therefore, the aim of this work was to apply the pre-emulsification for the processing of vegetarian sausages with
Textured Fibril Soy Protein (TFSP). An investigation was made to clarify the effects of oils pre-emulsified on the rheological
properties, texture, and microstructure of TFSP vegetarian sausages using different protein emulsifiers and homogenization
conditions. The results show that the apparent viscosity of both Soybean Protein Isolate (SPI) and Sodium Caseinate (SC)
emulsions increased gradually, as the pressure homogenization increased from 0 to 30 MPa. The particle size d;, of SPI
emulsions ranged from 24.80 to 0.39 um, and the particle size d3, of SC emulsions ranged from 12.37 to 0.12 um. The
temperature and frequency sweep of the TFSP vegetarian meat batter demonstrated all the vegetarian meat batters formed an
emulsion gel with viscoelasticity after cooking. The higher the homogenization pressure of the pre-emulsion was, the higher
the storage modulus (G') of the vegetarian meat batter was. In the Warner—Bratzler (WB) shear test and texture properties
(Texture Profile Analysis, TPA), it was found that the breaking force and TPA (Hardness, Springiness, Cohesiveness,
Chewiness) of TFSP vegetarian sausages increased with the decrease of the particle size ds, of the pre-emulsion. The
microstructures of different emulsions and TFSP vegetarian sausages were characterized by Confocal Laser Scanning
Microscopy (CLSM). It was found that the coalescence of emulsion droplets occurred in the TFSP vegetarian sausages after
cooking, when the SC emulsions were prepared at the pressure of 0-20 MPa. However, the TFSP vegetarian sausages prepared
by the SPI emulsions showed a strong ability to resist the coalescence of emulsion droplets after cooking. Therefore, the shear
force and textural properties of TFSP vegetarian sausage can be effectively improved, when the pressure was more than
20 MPa during the pre-emulsification of plant oils using the SPI. The finding can provide a strong reference for the
development and application of the oil pre-emulsification process in vegetarian products.

Keywords: high pressure homogenization; texture; vegetarian sausages; pre-emulsification of oil; soy protein isolate; sodium
caselnate



