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Abstract: In this research, a reduction study was carried out on the excipients and food additives was investigated
on the basis of the existing plant-based chicken steak formula of the manufacturer to achieve clean label. The effects of
different mass fractions of L-cysteine, flaxseed gum, konjac gum, egg white powder, inulin, and TGase on the texture and

sensory quality of the product were investigated by texture analyzer and sensory evaluation. The formula based on clean label
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was formed as follows (mass fractions): soybean pullulan protein, 12.26%; peanut pullulan protein, 7.36%; water, 53.96%;

soybean oil, 14.72%; soybean isolate protein powder, 3.68%; gluten powder, 3.07%; L-cysteine, 0.1%; TGase (liquid), 0.49%;

compound seasoning, 4.37%; salt, 0.74%; white sugar, 1.47%. Then, the protein nutritional value of plant-based chicken steak

formulated as above was compared with that of chicken steak. The protein digestibility of the plant-based chicken steak was

37.56%, which was close to that of the chicken steak (protein digestibility: 41.85%); its ratio of essential amino acid content

to total amino acid content (EAA/TAA) was 0.41, and the ratio of essential amino acids to non-essential amino acids (EAA/

NEAA) was 0.71, both of which met the standards set by FAO/WHO; its amino acid score (AAS) was 1.71 and the chemical

score (CS) was 1.26. The results indicated that the plant-based chicken steak was a high-quality source of protein. Based on

the analysis of the above indicators, four excipients and additives (flaxseed gum, konjac gum, egg white powder, and inulin)

were removed from the original formula under the premise of quality assurance, which provides a reliable basis for label

cleaning and protein nutritional evaluation of plant-based meat products.
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Fig.1 Effect of mass fraction of L-cysteine on the sensory
score of plant-based chicken steak
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Table 2 Effect of mass fraction of L-cysteine on the texture of plant-based chicken steak
L-FBRRER & 54/% B G FER M PELE
0.1 633.90 £49.91° 0.86 = 0.05™ 0.62+0.01° 341.92 £42.92°
0.075 562.81 + 58.80™ 0.92 £0.04° 0.63 £0.01° 328.57 £35.47°
0.05 609.90 +101.72° 0.87 £0.02° 0.60 £ 0.01° 319.51 £41.78"
0.025 445.94 + 54.83¢ 0.87 £0.04® 0.62+0.01° 24341 +32.01°
0 496.36 + 95.29™ 0.80 + 0.04° 0.62+0.01° 242.77 + 40.55

E: B—7F RE B FERETRRAELE LS EN £ R (P<0.05). & 2~8F.
xR 3 THAFRRES BTSRRI

Table 3 Effect of mass fraction of flaxseed gum on the texture of plant-based chicken steak

T AT IR 2 4505/ % RJE L A AR ik 23
0.2 633.90 =49.91° 0.86 = 0.05" 0.62+0.01° 341.92 +42.92°
0.15 670.30 + 67.85° 0.94 +0.06" 0.65+0.01° 399.01 +58.30°
0.1 693.24 +75.94° 0.87 +0.03" 0.65+0.01° 423.92 +81.42°
0.05 858.22 £48.90"  0.89 £0.05" 0.68 = 0.01°" 529.98 +33.16"
0 951.77 14233 0.86+0.03° 0.69 0.01°" 560.38 +79.17"

x4 BEFRRE DB REANIT

Table 4 Effect of mass fraction of konjac gum on the texture of plant-based chicken steak

B F IR 8% RJE L FEIM ik 3
0.1 633.90 +49.91° 0.86 +0.05 0.62 +0.01° 341.92 +42.92°
0.075 729.81 +35.73° 0.96 +0.04" 0.64+0.01" 431.43 £37.12°
0.05 848.17 £54.07°  0.91 £0.05" 0.65+0.01"  474.42 £55.58%
0.025 824.62 + 41.81° 0.89 +0.03° 0.66+0.01°  489.99 +24.92°
0 744.64 7825 0.90 £0.03® 0.64 +0.01° 42579 +29.12°
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Fig.3 Effect of mass fraction of konjac gum on the sensory
score of plant-based chicken steak
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Fig.4 Effect of mass fraction of egg white powder on the

sensory score of plant-based chicken steak
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Table 5 Effect of mass fraction of egg white powder on the texture of plant-based chicken steak

AR ENH % R B FERM PELE
1.2 633.90 + 49.90° 0.86 +0.05" 0.62+0.01° 341.92 +42.92%
0.9 667.18 +65.07° 0.91 +0.04" 0.65=0.01° 400.60 * 44.55°¢
0.6 799.01 £79.59°  0.93 £0.06" 0.65=0.01° 47117 +75.51°
0.3 917.44 +96.92° 0.91+0.01° 0.66 * 0.02° 565.29 +72.95°
0 1105.70 + 100.04*  0.94 +0.03" 0.69 £0.01° 706.46 + 67.18"

& 6 FHRES BRI

Table 6 Effect of mass fraction of inulin on the texture of plant-based chicken steak

TR E % R B AR PR
0.96 633.90 +49.906°  0.86+0.05" 0.62+0.01° 341.92 +42.92°
0.72 653.81 +62.20" 0.89 = 0.04® 0.64 = 0.00™ 386.91 = 12.36°
0.48 703.29 +71.06° 0.91 % 0.04° 0.64+0.02°  423.13 £58.42%
0.24 919.40 + 86.96"  0.91+0.03" 0.64+0.01° 558.25 + 72.58"
0 854.26 £ 164.48"  0.89 +0.02" 0.64 =0.02°  507.00 +93.36™

R 7 TGEBFE S B H m e r 7200

Table 7 Effect of mass fraction of TGase on the texture of plant-based chicken steak

TG B & 5-5/% AR e FERM PR
0.48 633.90 + 49.90°" 0.86 +0.05° 0.62+0.01°  341.92+42.92"
0.36 626.20 +73.36"  0.87 £0.03" 0.63 +0.01° 355.46 + 42.25°
0.24 590.92+99.34"  0.93£0.03" 0.63+0.01°  339.30 +85.54"
0.12 461.83 = 64.19° 0.96 +0.07" 0.59 £0.02° 273.36 = 38.99
0 234.44 + 60.50¢ 0.71 +0.04° 0.55 +0.02° 87.90 26.71°
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TR¥F 1.3 (PR A 0 HEBE it e 77 o A 4 Joi 4
3 RRE S HAAE, ¥ TG B & 7 2o BN
0.48%- 0.36%-+ 0.24%-. 0.12%. 0%, KX F 131
T2H A, TG B 5 & 53 HO R 5 5 A FUs
RO BRI 2 B % 7 A1 6 fis. B 7 o] 4,
BE & TG B i &0 kb, P raiEE. &%
PEL PH I VE TR AR IR W BRSSP RR AR AE DN TE B
e b AEEETR. HE 6T, & TG Mk
BB, RIS, A 2R
SHEETER HZE R R E (P<0.05) ; KEIF A
oy IR i R R AR 2 B, BERE TG B &5
B, BE RN B BRI, E R R
(P<0.05). fEiZEMmiERY, TG MA R ik
TEARKARE, 8RR [ BT 58 R R
RIS 5 4G, AT A= il T 1 R o A 2R I
FUBCE RRIE, X TR Fi AR A BB AN (1) B TS
BT SEA 0T, TG BEXS P2 dh b i 2 17 & H
Mtk BB VER, #2588 TG B 238 B dn ot
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E 6 TG B E s #xt R B E TS R
Fig.6 Effect of mass fraction of TGase on the sensory score of
plant-based chicken steak
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Fig.7 Comparison of the sensory score of the optimized

formulation with that of the initial formulation
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OB E N 0%, BEGKA (LFET 1
RN 19.62%. AHYFEE XS HEFIXS RIS HEAAR S0
SRR R AR A R W 9 Fiw, R P - R R -
JEAREA BRI A AT XS XS HE . AP RSHERE
A — WA HE - T A AR T A S RS P RS HE
T HAGHERE S DUBE 5 BAE AP AR e, T
SRR A FE RS HE RIS A XS HE 1) B B AR T R, 0
PIXSHERE S 1 I TTH AL R 41.85%, TEPEEXSHE
FES R AL RN 37.56%, 508K HER,
X R A AR HIF 58 A AR A 5 XS HE BT A5 1 K 5 0 B8 B
F. ANER AR A Y E A RIR, BT
PUEFRRE T, MMEAMNEARES, 53MEA
FRAAEST,
222 BARERFIN

KAWL Z, R 221, Hl&HEDHEY
HEFIXS P RGHERE 5 I e B R A, P
MR IR o BT IR VY 7 A 0F 4343 il n
#10. £ 11 fin.

45 FAO/WHO Jrf2 i1y 2 s AL, It Joi 22
JR 0 TR S S E IR AT (EAA/TAA) B
EE 04 DAL, DLEEEERS ALY TR
(EAA/NEAA) Rk F] 0.6 LA EP. M 10 7 41,
TEAT A, R IR HERE 5 A b 75 S B R 1 & =
4 59.81 mg/g, fiAEIERR S EME] (EAA/TAA)
041, @t 04, HFERIEMRE D TFAIERT

Ebf] (EAA/NEAA) H0.71, & T 0.6, HEY)FSHE
RS R3S HEY) EAA/TAA. EAA/NEAA 15 JLF—%,
VLA R iR RiEE K EA S5 E
H. ANEEEHATER, SGE 7RG HE 2 5
FRE. MEYESHE MR 2R RITEAREE
R LIRS B =, 4 A& 36.28 mg/g Al 12.01 mg/g,
P B 2 F R IR S B 33.56%, 1115 i
HAWRIERE; LRAERT AR, RHNAR.
RIS R, 7NN 12320 8.24. 8.08 mg/g,
BIS5XRASHEELT, AR, RER. SERE
e R — ' FE F AT DA s RE . AR LA
GRS BE, SR EAA T LS 0 g DA
MIER, (RENLARA R, BRI IR B8R
SEI5 T RE I R E B AR .

EamEEREAS N E A PR
T2 R B2 95 R B N AR X a0 75 &L R 1 R 3R B
WL 11 Fs, HEYEGHEN LA ER S & ED
=T FAO/WHO #r#fE fil 438 S & 1 i =, &
fiFr (AAS) N 1.71, 235 (CS) N 1.26,
P EFRNEEE . NEANEERNSERE, M
YIS HE S XS S HE EE R T 2 EEN
AR, {HEYIAER T FAO/WHO triE, X TH
VESHNS, FEHTEREYHEARS
BASEN, TUERRETH, EAREEY
KRN B AAE— B R EoRah 177 b AR
i0F7 7N

& 8 MALELTT 5HMEE 5 FAarI 3T LL

Table 8 Comparison of the texture of the optimized formulation with that of the initial formulation

e R i R PEA
M4BTy 633.90 +49.90° 0.86 +0.05° 0.62+0.01° 341.92 +42.92°
HRACEL 7 920.95 +52.73" 0.85+0.02° 0.66 +0.07* 518.22+57.91°

®O EYMEBHSEABHELIRNERRSE

Table 9 Protein content of the digestive process of plant-based chicken steak and chicken steak

) AR
S 38 AT - -
A — A A~ H 4k A - R A - AL
HomRE/g 24.12+0.15 10.64 £0.32 26.60 £ 0.27 11.13£0.37
G RAN A E /% 46.07 £0.74 60.70 +0.95 37.75+0.13 56.33 +1.81
EamEElg 11.11 £0.24 6.46+0.29 10.04+0.13 6.27 £ 0.06
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F 10 EMEBHSGRGHNSERAR S (mg/g)
Table 10 Amino acid composition of plant-based steak and
chicken steak

LB A A A HE AEA F A8 HE
RITARBR 16.72£0.14°  12.01£0.29°
24 8.10 £0.05° 551+0.11°
BB 36.230.19° 3628 +0.41°
H AR 7.98 0.09" 4.86 %0.10°
RN 9.72 +0.04° 4.66+0.11°
4R BR 5.67+0.02° 2.46+0.01°
(LEN 11.82+0.03°  8.72+0.22°
RN 10.12+0.01° 9.93 +0.35°
WA 8.80+0.01° 8.08 +0.09°
ERER 4.60 % 0.05" 3.57+0.18°
F R 8.60 + 0.06 7.33£0.09°
TR 15.01 £0.02°  12.32+0.11°
e R BR 6.55+0.01° 6.31£0.01°
KRR 8.50 +0.04° 824 +0.17°
R 14.03 +0.07° 7.67%0.07°
R 8.11 £ 0.04° 6.30 = 0.05"
- ('”;f%ﬁi 7421%0.04°  59.81+0.41°
3?@5%& 106.35+0.02° 84.42+1.61"
BRAB(TAA) 180.56 £0.06" 144.23£2.01°
EAA/TAA 0.41 0.41
EAA/NEAA 0.70 0.71

W * R AR B GE FAR, Fl—iT T ARG
FHRE KRR A0 L 23 £ 7 (P<0.05).
& 1 EYECH S AR SEBITATLETS (4)

Table 11 Amino acid score and chemical score of plant-based
steak and chicken steak

wE px OB AL A HE

& && AA AAS CS AA AAS CS

HERH 5 6.6 880 176 133 808 1.62 1.22
ERE 3.5 57 460 132 081 357 1.02 0.63
FaRB 4 54 860 215 159 733 1.83 1.36
ZRE 7 86 1501 214 175 1232 1.76 143

<§;§ 6 9.3 15.05 2.51 1.62 146 2.43 1.56

HAEBL 5.5 7 14.03 2.55 2.00 7.67 1.39 1.10
FEE 4 47 811 203 1.73 630 1.57 1.34

35 473 7421 2.12 1.57 59.81 1.71 1.26

ZHie

TSI FT 6 PR B 7S 075 % A 47 2 R HE = b
JRAFRE PR CRLAG RIS 5 S kg5 ) 15
i, AR L- PR R . TG BEAEAAE ) 5 XS 4
AT AR J A, R TR T BRI BTk
Hg FL 0y ) 2 4 R 2 A0 A5 7 ol AR A ORI FE T
TR WOV B EER . Fk Xy
() AR 72 S S B /N, T DA AR R
B, DUXBEEFREIE M. R&, RFARERT
BT HEAR S RRAGE 7, Sy R ES BT
K 28 12.26%, {4228 1 7.36%, K
53.96%, KM 14.72%, KE /3 EE AN 3.68%,
B WK 3.07%, L-F 2R 0.1%, TG B (&)
0.49%, HAEWHE 4.37%, £ 0.74%, FHE 1.47%.
L 77 5 A T Al B ) B L U7 BT A A
FEGHEAH L, A AR AR T B2V N, R T
Oy O FE S, BT AR B XS HERE B 1 AR R
R 37.56%, S5AGRISHAE S (B A%
N 41.85%) Hil; Ui EERNSE S SEER S
E I (EAA/TAA) N 041, LFEREREIE
WEEIERPELE (EAA/NEAA) N 0.71, HikF|
FAO/WHO P& it 1) 2 I bt s S SRR VT 40
(AAS) N 1.71, X% FAO/WHO b, 1h23F5
(CS) k3126, mTH-REGHEEA. L£ED
BEA. NEEAMNE OTHEER, BT E
I BT FIRFRFRI T, A FULELRIIE 5 1)
BT, RBRIEHEC T A 4 Fhidel i ing GIERF
B BEFEIR. EIER . k), MY AR
R TS TR PPN R A T T REARYE

o Lk

(1] 5KIE R BR, 5 38 W bR 2R R AT Mk i S (0] &
mBH,2018,43(6):326-330.

[2] TSR AR AR AT R A KX EINE )
TRV ] & RHE,2017,38(20):340.

[3]1 BAJAJR P, TANG J, SABLANI S S. Pea protein isolates:
novel wall materials for microencapsulating flaxseed oil [J].
Food and Bioprocess Technology, 2015, 8(12): 2418-2428.

[4]  INE, e, R T50E .55 YR B AR EE S B0IR 5 Pk b
] & Do RHY,2023,44(17):438-446.

[5] WES BIER,D R, NG A AT T AR A
S IR E i RHE,2022,38(10):337-341.

(6] 755 T, K25 0 Pl AR A S R A 0 3 B R R

@

265




MR @i

Modern Food Science and Technology

2025, Vol.41, No.5

(10]

[11]

[12]

[13]

[14]

[15]

[17]

266

B VAN e S [T, o R ,2022,47(5):105-109.
A%, JE T TG, G PR A5 — P AR B AR A R HE I
HAvk 4 575 [P]. i T1T:CN112806470A,2021-05-18.
8 T8 SRV bR A6 ORI THD B i R R e ) R 35[0
PR M RHE,2011,27(10):1291-1293.
ECHEVERRIAJARAMILLO E, Shin W. Black soybean
cooking water (aquasoya) powder as a novel clean-label
ingredient in plant-based vegan patties [J]. International Journal
of Food Science Technology, 2023, 58(10): 5121-5133.

i DU, B, XU, 46 T Al ARk K A 470 22 0 A A
PERIFZ M [J]. £ i AH,2022,47(1):52-60.

Hh [l B R S 2 A B A T/CIFST 001-
2020[S].4b 5 El A5 b 4t:,2020.

RIGH 2% %08, VLA, 55 A B e e U X vt 7K 0 B
| E GG BEACRRE R[] RE,2023,
44(5):1-8.

ZHAO Z, MU T, ZHANG M, et al. Effects of sulfur-containing
amino acids and high hydrostatic pressure on structure and
gelation properties of sweet potato protein [J]. Food and
Bioprocess Technology, 2019, 12(11): 1863-1873.

PENG H, ZHANG J, WANG S, et al. High moisture extrusion
of pea protein: effect of L-cysteine on product properties and
the process forming a fibrous structure [J]. Food Hydrocolloids,
2022, 129: 107633.

JISOO Y, JUNGHOON K, JIN Y C, et al. Elastic gels based
on flaxseed gum with konjac glucomannan and agar [J]. Food
Science and Biotechnology, 2021, 30(10): 1331-1338.
VIEIRA J, MANTOVANI R, RAPOSO M, et al. Effect of
extraction temperature on rheological behavior and antioxidant
capacity of flaxseed gum [J]. Carbohydrate Polymers, 2019,
213:217-227.

LIANG S, LI B, DING Y, et al. Comparative investigation
of the molecular interactions in konjac gum/hydrocolloid
blends: concentration addition method (CAM) versus viscosity
addition method (VAM) [J]. Carbohydrate Polymers, 2010,
83(3): 1062-1067.

AR ] A7 el 10 B 1, 5 B Y R/ T /R T SR 4% P i i
JoE B R [ AR i RH£2,2014,30(3):121-125.
FANTOU C, COMESSE S, RENOU F, et al. Hydrophobically

modified xanthan: Thickening and surface active agent

[20]

[21]

[26]

(27]

(29]

[30]

for highly stable oil in water emulsions [J]. Carbohydrate
Polymers, 2019, 205: 362-370.

CHENGY, WANG J, CHL Y, et al. Effect of dry heating on egg
white powder influencing water mobility and intermolecular
interactions on its gels [J]. Journal of the Science of Food and
Agriculture, 2020, 101(2): 433-440.

WAQAS A, SUMMER R. Functional and therapeutic potential
of inulin: a comprehensive review. [J]. Critical Reviews in
Food Science and Nutrition, 2017, 59(1): 1-13.
NIETO-NIETO V T, WANG X Y, OZIMEK L, et al. Inulin
at low concentrations significantly improves the gelling
properties of oat protein-a molecular mechanism study [J].
Food Hydrocolloids, 2015, 50: 116-127.

iy 2 A, 4R 1% 55 T G — T 5 1 T N — e 9 T 4
e I A 2% A0 R AR R BT (0] BAR A RS, 2020,
36(11):226-235,254.

KPR BEH G55 v A St e e e g 1 K R
TR S F B7E (9] £ 5 0 771,2009,8 1:186-189.
YUAN B, REN J, ZHAO M, et al. Effects of limited enzymatic
hydrolysis with pepsin and high-pressure homogenization on
the functional properties of soybean protein isolate [J]. LWT-
Food Science and Technology, 2012, 46(2): 453-459.

ANUM I, SHAFEEQA I, AROOBA S, et al. Plant-based
meat analogs: A review with reference to formulation and
gastrointestinal fate [J]. Current Research in Food Science,
2022, 5: 973-983.

STEPHAN V'V, AN B, CJL L V. The Skeletal muscle
anabolic response to plant-versus animal-based protein
consumption. [J]. The Journal of nutrition, 2015, 145(9): 1981-
1991.

SCFITT o A A, A AN Rk 8RR A TR R
R BV [I]. 8 5 A Tk, 2024,50(19):257-
264.

ISHTIYAQ A, IMTIAZ A, SHABIHUL F, et al. Role of
branched-chain amino acids on growth, physiology and
metabolism of different fish species: a review [J]. Aquaculture
Nutrition, 2021, 27(5): 1270-1289.

B HE, A I TRAR A AR [F) 7 1 R L IR R K
HHEZRTEND IS5 [T BUCE M RHE,2023,39(3):
156-163.






