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Table 1 The sensory evaluation standard
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AR (ME)
80~100 %
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JBA ok (40% )
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B T R AR

AT R E G R
AR TR — AR
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T Y5 M 2627
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Table 2 The design and result of response surface methodology

BTN RE A

IR E RS BRELZA

wppy ORERCREREE ok e | mmy ORRRRREE % a0
Y€ (B)min Y€ (B)min
(C)/% > (C)/% >
! 4000) 120000 5(0) 80.6 10 4000)  150(1)  4(-1) 722
2 35(-1)  90(=1)  5(0) 70.1 1 4000) 120000 5(0) 81.7
3 45(1) 90(-1) 5(0) 74.4 12 35(-1) 150(1) 5(0) 77.7
4 4000) 120000 5(0) 81.4 13 4000) 120000 5(0) 85.5
5 4000) 120000 5(0) 82.6 14 4000)  90(-1)  4(-1) 69.4
6 3[(-1) 120000 6(1) 71.8 5 40000 150(1)  6(1) 84.6
7 40(0) 90(-1) 6(1) 70.3 16 45(1) 150(1) 5(0) 86.6
8 45(1) 120000 4(-1) 77.0 17 45(1) 120000 6(1) 83.1
9 35(<1)  12000)  4(=1) 70.8

XoF ] A A TR0 R AT 5 25 40 BT, S5 R ANk 3 TR
MFE3 AT LLE W, BIAE P{E R 0.0004, 255
F MR P AE A 0.5790, 25 5 AN B 3 A
JE R R?=0.9721, H5 AU I BB E R AL R%,=0.
9124, VL WIZ AL AU & B B wm g iR 22 5N R
HH 12 455 70 B A% o 0 b S e O {1 A8 4k . PAELY

/N H G DR 0 350, i FE A RN AT LA
EWERMEWARRE, RR 3 RIHBIR T 25547 ]
HL,A B.C.B.CCHWMBENER BC HRENE,
ABAC A* AARERZE, FunfRE E Iy H
B>A>C*>C>B*>BC,

®3 MPABBFENN

Table 3 The variance analysis of regression model

&R R B WL ¥ F A& P14
el 561.92 9 62.44 19.51 0.0004**
A 117.81 1 117.81 36.82 0.0005%*
B 170.20 1 170.20 53.19 0.0002%%*
C 52.02 1 52.02 16.26 0.0050%*
AB 5.29 1 5.29 1.65 0.2394
AC 6.50 1 6.50 2.03 0.1970
BC 33.06 1 33.06 10.33 0.0148%*
A? 13.72 1 13.72 4.29 0.0772
B? 47.39 1 47.39 14.81 0.0063**
c 100.27 1 100.27 31.34 0.0008**
2% 22.40 7 3.20
%k AR 8.03 3 2.68 0.74 0.5790
®E 14.37 4 3.59
¥ 584.32 16
R*=0.9721 R*,;=09124

ok P<0.05, 35 22 5 0%, P<O.01, M i35 25 5%

FIH Design—Expert V 8.0.6.1 K4 X} i 5 4%
SR S5 e R W) 7 TR (R T 5 — S BRLER A o e
FHH PR RIEE L5 IT 0 M5,

K5 g HrP AR B I R S BAR IV R 2250
35 T 4 25 e 2 AR L T, 1 5 T LA Y TR
B CMEELZE W B RE, N
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Fig.5 The contour plots and response surface chart of the interactive effects of any two factors

on sensory comprehensive score
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x4 FEE

TR B v 7K B TR U R ) £ 1 v S K AR
AT 728 AR 5 BOHLEE 3 FURLIG 107 B0 e 4 5 Koy 75
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TALER NG ) B35 8 2w K e B IR AL S i ) iR
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Table 4 The determination results of main nutritional components

%4 b EI% nE G4 E% L A1 % R4 %

it AT 63.80 = 2.08 32.57 £ 0.88 0.82 +0.02 1.98 +0.08

i 61.26 = 1.74 33.83 = 1.05 0.88 +0.03 224 +0.07
222 BARMERT OB TEEMRERT. JAEKE AT LD A RERG N 5T RE 2 TR S

FE 0 ZIAL A W) 25 B B AR AR I 5L, 43 )
SE T 025 AR TR R M XU ) 5 S
bR, s RN 5 £ 6 FIE T Fim,

26 5 (0 22 A RUCIR B 0 I A 45 SR vl 0, 4
Z TR, W S 0 K A 4L SR ) R
M2 L EH N, o R b EHIH, X R

HH ) i 21 R SIS W) S5 15 T 4 A 1 S A B AE
il 2 B RGP I 2548 (i e, O HL A R R
i ] GEPEAT D R SRR B I KR, e
A5 il S B BA DR AR A A ROR
WS AR, X AT RE SR T 0 S A B e o A
R S AR 1 7= b ) pHL{HL

x5 BEEVEHBRENELER

Table 5 The determination results of color difference and valid acidity

& Z .
EXi A R E
L a’ b”
R AT 63.88 +2.08 4.96 +0.12 19.98 +0.79 7.96 + 0.03
REG 47.03 +0.87 8.61 £0.21 21.66 +0.74 6.85 + 0.02

2% 6 BRI 45 SR a4 B 2 TR, W
5 1 e K 43 BT e 2 SUAR A ) B 1 A 1) A
JUE 8t R REL W A T A AT T s e A 3 A 3 ]
FE AR BT R T2 B T R R o AR A AR K 4345
SRR IS | I AR T A R

Y R K o B R H LA B RO RE R | R T
T EL M AR K, DA 1 A 25 06 B RE
JR0 U L R o P AR A, L T R o O B BT
WHELERZ

x6 FHMERNELR

Table 6 The determination results of texture index

%3 J AN A AE A
A /N # % /mm Jx /N B /m]
i R AT 18 459.71 + 599.92 0.86 + 0.03 14 402.10 + 528.78 12 443.88 + 323.11
Y 16 267.38 + 356.24 0.94 +0.04 12 411.47 + 343.80 11 618.22 + 289.36
HIZ 7 R MERRY) BRI S5 SR AT, Bez AR R P XU ) S5 ) Ao 2 R X 5 B 90T — S e

TR, WS B K B R S E A

JEMARAL SR, G RS I 1 B (RN 5
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1.707%) , B2 9 ot 1 Fh (A5 5 3.266% ), fik 26
PITR 1 Fh (R 55 B 2.642%) , BR2EW BT 1 Fh (M
X 32.447% ), PRI 2R W BT 1 R (R X E
2.971% ) Mg k&2 W) i 3 Fh (A XS % 1 8.481% ) ;
T 5 Ay 2K 0 5 FP (R & = 17.668%) ,
BRI 4 Ff (HEXT 5 5 8.582%) , 2K it 2 Fif
(AHXF & i 0.821% ), kS W i 1 A (AH XS & &

8.262%) , EiZE W 51 2 Fp (AT & i 1.034%) , RIS
YRR 2 B CHERE 8 14.795%) , FEZE W 5 1 Fh (K
Xt 0.448% ), WK 2K W 5 2 B (A X &
1.137%) , ek 2 i 2 F (FHXE 55 0.344% ) , il
WIS 3 Bl (FHXT % & 0.991%) , LY 6
b (R 55 i 2.224% ) A W5 1 (A 5
0.542%) .

R7 BERERKYRSWER

Table 7 The analysis results of volatile flavor compounds

‘ A3 A E /%
B (X - e IR R
B % 2-W A A4 KX H - 6.350 F &
3-W i - 1.475 -
2-F R A -3-H A A KB - 3.548 T A
A-T K 20— AL KBy - 2376 TA& FAH B EA
2,6-= 9 A KB - 3.919 P L
e Tk 1.707 0.139 HEE RAE
313 - 5.576 B A AR
E S - 0.600 F A=k
5 Jh vk v B - 2.267 B A
By % 3,6,9,12-m &+ w12 3.266 - -
[y - 0.269 B A
e B2 - 0.552 oA
BE % 18- B -6 2.642 - -
EE] - 8.262 i Aok
LEES K ER R, M B AR - 0.248 BAEA W E ek
3FA-6-(1-F R T &)-2-3% T H—1-FA - 0.786 -
i %3 - 0.543 B BR R
A5 A B2 32.447 14.252 B A
B % S9N AR S - 0.448 HEE E
vk v 2—iE % Ak vk v 2.971 0.513 25 FEA
2- T A vk v - 0.624 B A
R % AP R = AR 5.306 - A=k
NP AL IR A AR 2.111 0.104 -
+ WV R R A A AR 1.064 - -
F AR - 0.240 -
M & a4 KW - 0.159 -
S—He A i - 0.227 -
a—% F - 0.605 -
A 2,5-= WA 3-(3-FAT )% - 0.249 -
2-W bk - 0.204 BRA EREF
2,5-=F KA - 0.811 B IR R A
2-Z -5V bk - 0.467 B R A
2,3,5-= F fkuhvk - 0.316 B A
- A-3,6-=F ki - 0.177 -
e LSS S Vi - 0.542 -




222 hoE

M

2022 55 11 #

TEFT S E AL G D B Ak B W (B2 A S
Y ERRAE Y RS G Y R SRS Y L
B e o (W 2R 5 ) B ok T 28 I B R 4
T, W 2EAb G W ) R € 1 0 B XU ) T ok
U5, TR sh 8 5L AT B B 9 1 DA R e AR PR, A H
BAb A YA SRR 17.668% , 8 Bk A iy 2%
G 4- -2 - F E LR I 2,6 H
SR T ol B I SRR Y I BB £
A 3/ RN L ORURE S S X (=S D OPEINI S
F= L B AE AU FE T A R R 28 e A e,
BE I IR Tt ) 2 A AR A IR A B ) — R
BAKRES, R B2 & R R
FH T LA e 2 A TN AR A i I S AL B Y A
FE W 0T 1 32 A0 TR R 0 2R Ak
Py el ek B T 2 R R O R v R i A P A o
B MR A A PR VF 2 R T )44 HAy B
(1) U S0 5 RN RS A FE T ARt B ik R 28k B
2-H LML IR 2, 5- BNk R 2- 2 FE-5-H S
W R 2,3 ,5- = F ek g 5 AT B 1 ik g 2 Ak
A RAFIEY, BERAG Y B G (B2 AL
G RS KB G YRS Y
TERVSRIAR XS & i AR —E R, BZ Tl
SEHT W S R AL G R 3 A, B X
A FTEE I, B IR | AT A N R
e I R T B AL G R 2 R A AR A AR
AP, B AR CBE R B ) LA B A
FEE M B R Bk 2 A0 W Bl 2 R A AR Ak A B
A PTHEN 77 AET BA T A R 0 A, A g

ok H A R A R RS I R ) R RS
oA 38N T HL A T IR R 1Y) 2 R i A A TR
SR, AR R O IR B AT LS | LA I
AR [ 0 T i e nk g 2Rk A 3 T B £
WA 2- L BEH vk g™ i oA O & F AN
2— I 73 35 1k e A X 5 A T /ST R A P
Sk 21 R 7K 43 R AL AR AE ) 2R ) TR 2
KENBEH, MKET LMD T KErEEN
H A W RRIR RS ; be ke e b B R 2 kA= A8 10, A
Xt A D i e Al A ) A R (A
B KU B DT RREE AN &, (E AT A B AR 7 i
PR RURRE MRS DL g5 R T DU W T2 A
1R 7K A B 4 8P AE A B e A KR I AR B X
W, I — e R L TR R

223 EARAEN AT HEWER 5 R KB
FEA LAY R (AR AR ARG B, 430
SE TR TR B K B ROR O AR e A R A, A
RNER 8 Fin . RN, J5 ™ i i B TE SO
fI%, 75 A <30 000 CFU/g 11 [ bR e, I v 1 1)
T3 K B R <3.0, VR T L 7 0 R T Y
A HY I 33T B e T — T R SR R A I 2
MR EY I EA —E W REEH, 5—0
T VA 2 12 P 1) 5 A 2 A R P 28 K B o i T
A S A A0 R A R PEAN T, AR R T R
i B R <0219 Y SRS R R IE R A
X AT AR TR E AR R E T
WAL= R IR T, Y i A 5 7K 4 R
LAY B AR HLAT B e 2 4

®8 WMEMMEHFENELR

Table 8 The determination results of microbiology and benzopyrene

o B .
<5 £ 3 ing-ke
% % EH/CFU - g X # 80 BEICFU - g e
B R4k <30 000 <10 <5.0
AT 2 KA th At
e 9 1 At th At th
3 £ 5.7% AEM AT BCE 27 G 4 87.4 41, 5 Uil

RAFTE URE 25 B V0 I 5488, R
PRl 25 445 43 ) 7 1T 3 5 R K A B R AL 2L R
(R T A at A A, i e e fE T2 280 i i
JF 45 °C, WE M E 150 min, M 5 AR R4 B

1B 89.1 ZrH L, WM IR 224 1.91% , 45 R
AR, R T A il A 10 9 3 5 K 5 e 4
LU Y E A GRSV E A T
P H AR MRAR , A B AR TR S K B



224 M1 REZHRyFIRLMR

WAL EG e T T HRA 223

FEA LAY B H EBE SR AR R
AR BRI AR G B0, 6 7 i BT HEAT 404, A R AR
M B2 TR WS R K AT R A B A
W BB E R O B AR BRI R A
T BRENA, AWM L E TR, Eb
E A3 L2 B HAA DGR R B A ROR
JE WA e A T A R TR R A R R
R R RELEAE A T AR T SERLE W A i LS
PR B8 5 2 2 M XU 39 o 34 n 1 24k G T 286
&Y TR G W WSS A S Y R R S A
WAE o B 2R G AR XT iR 17.668% , i
RGBS R G RS
Yy, WAk A RN BE I AL AR o 2 RURE X
it DAATE—E AR L, I AR A Y
AT KM, I — @ R LG T T
IR ot = oL 2 R AR (A R D= 8 S S E S (3
KRR ke, 7= A B s W&
Sfh i, BHRT, B KB R S AE Y R R N
NI Y N I I SR =Y & i g S AL P K
AT &R DA K i e 4 it — 2 i 5k 52
%,

& £ x #

[1] ANDERSON C A M, RYAN B. The potential of
novel plant protein foods to improve dietary patterns
and markers of cardiovascular health[]J]. The Ameri-
can Journal of Clinical Nutrition, 2020, 112 (5):
1151-1152.

[2] ISMAIL B P, SENARATNE-LENAGALA L, STUBE
A, et al. Protein demand: Review of plant and ani-
mal proteins used in alternative protein product de-
velopment and production[J]. Animal Frontiers, 2020,
10(4): 53-63.

[3] GORISSEN S H M, CROMBAG J J R, SENDEN ]
M G, et al. Protein content and amino acid compo-
sition of commercially available plant—based protein
isolates[J]. Amino Acids, 2018, 50(12). 1685-
1695.

[4] HERTZLER S R, LIEBLEIN-BOFF J C, WEILER
M, et al. Plant proteins: Assessing their nutritional

quality and effects on health and physical function
[J]. Nutrients, 2020, 12(12). 3704.

5]

(6]

[7]

(8]

9

[10]

[11]

AHNEN R T, JONNALAGADDA S S, SLAVIN J
L. Role of plant protein in nutrition, wellness, and
health[J]. Nutrition Reviews, 2019, 77(11). 735-
747.

SO, PRlihs, XVRAK, S RIEHE Y E AR
i RO AR 5 BORRUBT]. ARR S R R
2019, 37(6): 8-15.

GUO ST, XUTT, LIU X R, et al. Efficient uti-
lization and technological innovation of plant-based
protein resources in China[J]. Journal of Food Sci-
ence and Technology, 2019, 37(6): 8-15.

BT 5E, FBUIHE, Marse, . mPEA R
() &S AR T, 2020, 46(12): 299-305.
OU Y J, ZHENG M J, ZENG H L, et al. Ad-
vance in plant —based meat research[J]. Food and
Fermentation Industries, 2020, 46(12). 299-305.
FRIGHE, W, XVRAR, S5 AEW RS A RORY
NS0 BRI, £ 5 4 BTE AR I A4l 2020,
11(17): 5955-5963.

WU Y H, XU J T, LIU X R, et al. Application
and processing status of plant—based meat analogue
ingredients[J]. Journal of Food Safety and Quality,
2020, 11(17): 5955-5963.

W, AN, AT, S MR RERFFR
TN 25 SR i SRR A O R (] B TR
$, 2021, 42(3). 338-345, 350.
ZENG Y, HAO X C, DONG T,

raw material development

et al. Research
progress on processing
technology and nutritional properties of plant based
meat[J]. Science and Technology of Food Industry,
2021, 42(3): 338-345, 350.

W, XU, TR, S mK A B R A S
& B A OE )] 'R R, 2018,
39(19): 280-286.

ZHU S, LIU L, ZHANG J C, et al. Advances in
quality control and evaluation of high moisture tex-
tured vegetable protein[J]. Food Science, 2018, 39
(19): 280-286.

sk, kA, sKER, 4. RO AR M B R Al
U B BT ] T E R e, 2017,
17(12): 155-163.

ZHANG B, ZHANG ] C, ZHANG W, et al. The
effect of raw physicochemical properties on the
quality of extruded texturized vegetable protein [J].

Journal of Chinese Institute of Food Science and

Technology, 2017, 17(12). 155-163.



224 S LI = T S 2022 4E5 11 4]
[12] ESTELL M, HUGHES J, GRAFENAUER S. Plant (17): 339-344, 351.
protein and plant—based meat alternatives: Consumer GUO Y Y, LOU A H, SHEN Q W, et al. Appli-
and nutrition professional attitudes and perceptions|J]. cation status and research progress of smoke liquid
Sustainability, 2021, 13(3): 1478. in food processing [J]. Science and Technology of
[13] MICHEL F, HARTMANN C, SIEGRIST M. Con- Food Industry, 2020, 41(17). 339-344, 35I.
sumers” associations, perceptions and acceptance of [21] Bk, AR, Espfh, 55 R ER N 5 TR
meat and plant —based meat alternatives [J]. Food PEJ). &SR, 2016, 37(8): 108-114.
Quality and Preference, 2021, 87 104063. ZHAO B, LI S, WANG S W, et al. Quality char-
[14] LM, skFE, Sk, . R H 5 OF T kR acteristics of liquid smoke flavoring obtained from
SRR, A, 2020, 20(8): 1-10. apple wood[J]. Food Science, 2016, 37(8): 108-
JIANG L 7Z, ZHANG X, DOU W, et al. Advance 114.
and challenges in plant —based meat[J]. Journal of [22] ARAUJO I B, RAUL L J, MACIEL M I S, et al.
Chinese Institute of Food Science and Technology, Effect of traditional and liquid smoke on the quality
2020, 20(8): 1-10. of sea catfish sausages (Sciades herzbergii, Bloch,
[15] JmigERt, 2% ¥, T EE, %. WEMEAHE S 1794)[J]. Journal of Aquatic Food Product Technolo-
i B by A SR AR[T]. B AR R, 2017, 38(5): gy, 2020, 29(6): 553-566.
180-185. [23] NITHIN C T, JOSHY C G, CHATTERJEE N S, et
GU S Q, PENG L L, DING Y T, et al. Quality al. Liquid smoking — A safe and convenient alterna-
changes of smoked skipjack tuna (Katsuwonus tive for traditional fish smoked products[J]. Food
pelamis) processing byproduct during enzymatic hy- Control, 2020, 113: 107186.
drolysis[J]. Food Science, 2017, 38(5): 180-185. [24] WksAD, AU, ¥R SR B R TS A 3 AR A
[16] &k, £#, W, . MWETZNELF AT JECE AR B S W ()] B kT, 2020, 46
mh TR SZ A ()] A ERE 2014, 35(2): 23-29. (17): 220-225.
ZHAO B, WANG J, QI B, et al. Effects of smok- YAO J L, SHI W J, YANG W G. Effects of liquid
ing methods on the quality of muslim beef sausages smoke technology on physicochemical and sensory
[J]. Food Science, 2014, 35(2). 23-29. quality of bacon[J]. Food and Fermentation Indus-
[(17] Rk, Lo, BRICHE, S5 0 T 20 %0 3 A 4 tries, 2020, 46(17): 220-225.
KRB ot i) 52 )], & RkaE, 2013, 34(6): 180- [25] #EwWg, MM, DRM, & WES A A T 20
187. A& 5 & TR W 4y AT (D). ARl BB 2= 4, 2016, 47
ZHAO B, REN L, CHEN W H, et al. Effects of (6): 235-241.
different smoking methods on volatile flavor com- GUI M, LIN J, MA C W, et al. Optimization of
pounds in bacon[J]. Food Science, 2013, 34(6): liquid smoking processing and its effect on quality
180-187. of sturgeon fillets[]J]. Transactions of the Chinese So-
[18] NITHIN C T, JOSHY C G, CHATTERJEE N S, et ciety for Agricultural Machinery, 2016, 47 (6):
al. Liquid smoking as a method for addressing poly- 235-241.
cyclic aromatic hydrocarbons  (PAH) in traditional [26] RUIZ-ALONSO S A, GIRON -HERNANDEZ L J,
masmin[J]. India J Fish, 2018, 65(3):. 84-94. LOPEZ-VARGAS ] H, et al. Optimizing salting and
[19] W, BRAAE, XM, %. GC-MS 5 H FEE 4 smoking conditions for the production and preserva-
A6 AR B KR ) B S AT [D]. B A RS, 2020, tion of smoked —flavoured tilapia fillets [J]. LWT,
41(16): 193-201. 2021, 138: 110733.
SONG L, CHEN X X, GU F L, et al. Flavor [27] W5k, T4, #xESe, S mn kO E
components of liquid smoke analyzed by GC -MS SAR AR T A 'k Tk R, 2015, 36
combined with electronic sensory systems [J]. Food (14). 275-281.
Science, 2020, 41(16): 193-201. BAO Y T, WANG W M, SHEN S H, et al. Opti-
[20] =8B bd, =4, PLigal. W TE S T mization of smoked processing of tilapia through re-

7T BUIR 55 BF 5 D). £ Tl B, 2020, 41

sponse surface method[J]]. Science and Technology of



2286 F11 W

REGKSFEARAHS K G T T LA

225

[28]

[30]

[31]

[32]

[33]

[34]

Food Industry, 2015, 36(14):. 275-281.

R DAEATRAETR . B EERERE &
i KA AE . GB 5009.3-2016(S). dbxt.
PRAEH R, 2016.

National Health and Family Planning Commission.
food standard ,
moisture in food: GB 5009.3 -2016 [S].
Standards Press of China, 2016.

A TAATATRN . BREEEERIE &
mn R AN A . GB 5009.5-2016[S]. A5t .
[ 45 4 0 A, 2016.

National Health and Family Planning Commission.

National safety determination  of

Beijing:

National Food Safety Standard, determination of pro-
tein in food: GB 5009.5-2016[S]. Beijing: Standards
Press of China, 2016.

ERDAMTNATZR 2 B EEEZRE &
mn RO D AN AE . GB5009.6-2016(S). dbnt. HhE
FRUE b, 2016.

National Health and Family Planning Commission.
National food safety standard, determination of fat in
food: GB 5009.6-2016[S]. Beijing: Standards Press
of China, 2016.

FRDAMT AT Z 2 B EEERIE &
i R A E . GB5009.4-2016[S]. dt st H
PRIEH RAL, 2016.

National Health and Family Planning Commission.
National food safety standard, determination of ash
in food: GB 5009.4 -2016 [S]. Standards
Press of China, 2016.

Mo, EEW, BRI, A S RS T2 A S K
BRI HT]]. SRWESY, 2016, 30(10): 1-6.
LIN J, GUI M, WANG S, et al. Optimization of

processing conditions for production of smoked stur-

Beijing:

geon fillets and its flavor compounds|[J]. Meat Re-
search, 2016, 30(10). 1-6.

FRUbgR, kAL, P64 S5 M I ) AR 2 B
Jhie 5 ey S BRI T). B R RR S, 2020, 41
(1): 16-23.

DU H Z, ZHANG P, TIAN X L, et al. Effect of
smoking time on heterocyclic aromatic amine content
and quality of bacon[J]. Food Science, 2020, 41
(1): 16-23.

FR DA RAEFTEN S, HEXEMAHEEE
BE)R. B eEEZmE EaUETRE |
T RBOM EFRE . GB 4789.2-2016[S]. dbat.
PRUEH RAL, 2016.

[35]

[36]

[37]

[38]

(391

[40]

National Health and Family Planning Commission,
State Food and Drug Administration. National food
standard, food microbiological

safety inspection,,

standard for determination of total bacterial count:
GB 4789.2 -2016 [S].
China, 2016.
EERBAMTRIEFRN &, BREMAHEEE
AR, B2 EZRE gMZEYERE K
MR EC. GB 4789.3-2016[S]. dtat. o [ 45 i
R4, 2016.

National Health and Family Planning Commission,

Beijing: Standards Press of

State Food and Drug Administration. National food
safety standard, food microbiological inspection, col-
iform count: GB 4789.3-2016[S]. Beijing: Standards
Press of China, 2016.

ERDAMTRAETEN S, BEEMA RS
MG R, B E e BT ORI (a) BRI
FE : GB 5009.27-2016[S]. Jb3t . o AR UE AL
2016.

National Health and Family Planning Commission,
State Food and Drug Administration. National food
safety standard, determination of benzopyrene in
food: GB 5009.27-2016[S]. Beijing: Standards Press
of China, 2016.

WANG H, CHAMBERS E, KAN J. Sensory char-
acteristics of combinations of phenolic compounds
potentially associated with smoked aroma in foods|J].
Molecules, 2018, 23(8). 1867.

Plkali, BROBTUC, SRR, A A EEASRL X I 7 i Y
ah DA SE M ()] BAACE AR B, 2016, 32(5): 241-
252.

ZHONG Y R, CHEN X X, ZHOU H, et al. Effect
of smoking materials on quality of Xiangxi baconl]].
Modern Food Science & Technology, 2016, 32(5):
241-252.

HEM, B, REY, FORE RO E F UL
o)) BaERA, 2018, 39(20): 182-189.

AO C W, LU S, WU X J, et al Analysis of aro-
ma components from jujube flowers and honey [J].
Food Science, 2018, 39(20). 182-189.

XA, Raeh, 4k, . T E AKX
WRAL T o)) B TRk, 2018, 39(7). 237-
242.

LIU DY, WU J C, WANG J Y, et al. Analysis
of key odor compounds of Goubangzi smoked chick-

en[J]. Science and Technology of Food Industry,



226

O &

i

2022 55 11 #

[41]

[42]

[43]

[44]

[45]

Abstract

2018, 39(7): 237-242.

oA, FEANE, XVEF, A AR R G R
5 KV BT GC-IMS H8 SCE 35 20 B [J]. & Bk
R, 2019, 37(6): 37-45.

YAO W S, CAT Y X, LIU D Y, et al. Volatile
compounds analysis in chicken thigh smoked with
different materials by GC-IMS fingerprint[J]. Journal
of Food Science and Technology, 2019, 37 (6):
37-45.

TER, B, XA, L RS EHOR B &
Fe & AV PG )] B AR, 2019, 40(4):
292-298.

XUN C R, XUE H F, LIU B H, et al. Processing
of flavored meat analogues by high-moisture extru-
sion[J]. Food Science, 2019, 40(4). 292-298.
W iR R IR R M T A R S
AR R RS [D]. o8 . VLR KA, 2020.

YE Z. Studies on characteristics of typical dietary
oil gastrointestinal digestion and absorption, and
their influences on gut health[D]. Wuxi: Jiangnan
University, 2020.

. OB G R G B KU i K HOE AL ER ) £R (D]
M. B, 2019,

WANG X. Preliminary study on key aroma com-
pounds in sugar—-smoked chicken thighs and its for-
mation mechanism [D]. Jinzhou: Bohai University,
2019.

R, Maillard J R X 1 2 8 XUBK (9 5% 0 [D]. L

g RIS, 2019.

JIANG C Y. Effect of Maillard reaction on the fla-
vor of Shanghai style bloated[D]. Shanghai: Shanghai
Ocean University, 2019.

[46] x1& 5, BER, R4eW, %. ET SPME-GC-MS

53 AT S A L S A B A i e XL R ) BT Y 5 (],
BAEE, 2019, 40(24): 220-227.

LIU D Y, ZHAO Z N, WU J C, et al. Effects of
different smoking materials on volatile flavor com-
pounds in smoked chicken thighs[J]. Food Science,
2019, 40(24): 220-227.

[47] WK TAERMTRIAETZ RS, [F5E 2605

PUBJR. B bR I DA
GB 20371-2016[S]. dtxt. Hr[E4riEd AL, 2016.
National Health and Family Planning Commission,
State Food and Drug Administration. National food
safety standard, plant protein for food processing:
GB 20371-2016]S]. Beijing: Standards Press of Chi-
na, 2016.

(48] BER T AEMRIAT &2, EZE G2 S

PLRJR. iR BRhim YR GB
2762-2017[S]. dbxt. HEARAE S HE, 2017,
National Health and Family Planning Commission,
State Food and Drug Administration. National food
safety standard, limit of pollutants in food: GB
2762 -2017[S]. Beijing: Standards Press of China,
2017.

Processing Technology Optimization of Liquid—smoked High Moisture

Extrusion Textured Plant Protein

Li Jialei', Guan Lijun', Gao Yang',

Li Xiaojuan®, Lu Shuwen",

Yan Song', Wang Kunlun', Wang Chunli?,
Li Bo', Zhou Ye!'

("Food Processing Institute, Heilongjiang Academy of Agricultural Sciences, Harbin 150086
“Harbin Examine and Inspection Center for Agricultural Products Safety and Quality, Harbin 150070
Biotechnology Research Institute, Heilongjiang Academy of Agricultural Sciences, Harbin 150028)

It was to develop liquid—smoked products with high moisture extrusion textured plant protein as the raw mate-

rial. On the basis of a single factor, the response surface method was utilized to optimize the liquid—smoked process as

using sensory comprehensive score as the indicator. The optimal conditions were concluded as follows: liquid —smoked

temperature 45 °C, liquid-smoked time 150 min, and volume fraction of liquid-smoked 5.7%. The actual sensory compre-

hensive score was 87.4 under the optimal conditions. The prepared liquid—smoked high moisture extrusion textured plant

protein had the characteristics of smoky color with luster, tightly organized, rich in elasticity and strong smoky flavor.

The product quality was analyzed by investigating the changes of the main nutrients, physical and chemical properties



00 % 4511 REZKYSFIRBLEAMHYE G T T L HA 227

and safety indexes of high moisture extrusion textured plant protein before and after liquid—smoked. The result showed
that there was no significant change in the main nutritional components. But the physical and chemical properties
changed to a certain extent. The L value of color difference decreased, @' and b value increased, which was showing
smoky color with luster. There was a slight decrease in effective acidity. The hardness, stickiness and chewiness of tex-
ture were decreased, but the elasticity increased slightly. The volatile flavor compounds increased the six compounds in-
cluding phenolic compounds which were 17.668% , and other compounds had certain changes in the type and relative
content. All these could improve the quality of products. There was no significant change in safety indicators. The total
number of colonies was both low, and the coliforms and benzopyrene were not detected. Therefore, the prepared liquid—
smoked high moisture extrusion textured plant protein has superior quality. This study can provide reliable data support
for the development, utilization and market promotion of high moisture extrusion textured plant protein.

Keywords high moisture; extrusion textured protein; plant; liquid—smoked; processing technology; quality analysis



