MR BEEBE Modern Food Science and Technology

2025, Vol.41, No.10

ME MEBAFEEMES RS

22X, BiMR, REkL, KRt
(A RIBRFITENB AL G2, b 100048)

WE: HTRANY DERFIRFEET O RAMFRALE ) F AR AR, ZXAAT 3k (FE S mm)
AR S, AR R AT AT R H 3 @ 94 (Texture Profile Analysis, TPA) M|3X, 47 ARGk R FHF | ed
JiM A s (RREL. #5WbE. MIOM. BRM. BRbbE. vERE ) R TMNE; BE, WEETAAEREZ TSN F
AR S ATA PR A (Mises. Tresca. Max, Principal ) ; /&, ¥ATEALA AR A, LREH: EHRRET,
Tresca J& K. Mises KZ . Abs i )& )y; MiXik &5 Mises. Tresca i /) ZMEF EA X (P<0.01), AKX R4 54 0.878
#20.868 ; MREEEH Abs L ) EMEE RABK, #0K LA H A -0.862 ; Mises. Tresca M /) GA5HHbE . AP, FRME. A
R BT R AR KM (P<0.05), XA AN AT vA— A2 B E R T ey b, Bl BT IE T AEA 69 E A0,
TR TREASARE RS AR e T AR, RN EAFRERAAFT AL HFRMGRARRT

— AP A A A Tk
EERE: AT I s AR MM A ARG R @A (TPA) MK; ARG A

XEHS: 1673-9078(2025)10-271-279 DOI: 10.13982/j.mfst.1673-9078.2025.10.1164

Construction of a Chewing Mechanics Model and Texture Analysis of Carrots
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Abstract: Texture profile analysis (TPA) of 5-mm-thick carrot blocks was performed using a texture analyzer to evaluate the

textural and mechanical properties of the carrot blocks (hardness, adhesiveness, cohesiveness, elasticity, gumminess, and chewiness)

and their variation patterns at different chewing speeds. Subsequently, a chewing mechanics model was constructed, and finite element

simulations (using Mises, Tresca, and maximum principal stress criteria) were conducted to investigate the mechanical properties of the

carrot blocks under molar pestle compression. Finally, correlation analysis of all the parameters was performed. The results show that at

the same chewing rate, Tresca stress is the highest, followed by Mises stress, and the maximum principal (Abs) stress is the lowest. The

chewing rate exhibits a highly significant positive correlation with Mises and Tresca stresses (P<0.01), with correlation coefficients of 0.878

and 0.868, respectively. In contrast, the chewing rate shows a highly significant negative correlation with Abs stress, with a correlation

coefficient of —0.862. Mises and Tresca stresses are significantly correlated with adhesiveness, cohesiveness, elasticity, gumminess, and

chewiness (P<0.05). Therefore, the simulated stresses somewhat reflect the textural properties of carrots, thereby validating the accuracy

of the model. This study reveals the textural quality of carrots, promotes its processing and comprehensive utilization, and provides a

scientific and effective method for analyzing the relationship between chewing behavior and mechanical texture of fruits and vegetables.

Key words: carrot; mastication mechanics; textural properties; mechanical properties; texture profile analysis; finite

element simulation
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Fig.1 The process of preparing carrot samples
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Table 1 TPA texture parameters and their definitions
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Fig.2 Squeezing carrots with a cylindrical head
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Fig.3 Texture characteristic curve of carrot TPA test
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Fig.4 Influence of test speed on TPA characteristic parameters
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Table 2 Carrot block simulation parameters
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Fig.6 Simulation flowchart
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Table 3 Influence of test speed on the effect of clubbing pressure

S/mm T/s i&%/(mm/s) Mises/MPa Abs/MPa Tresca/MPa

2.5 5 0.5 1.686 0.312 1.806
25 25 1 1.708 0.344 1.818
25 1.67 1.5 1.792 0.334 1.919
25 1.25 2 1.835 0.379 1.960
2.5 1 2.5 1.800 0.351 1.915

HHEE 3 AT4n, FEAHEHZE T, Tresca i K. Mises
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BRIR 25 DL H 2 R i 706 B, R B R X
s P 5 22 B4R M AN S 2 TR 45 VA —

[F I, T B2 5 ) BUASEAULAS ) Mises. Tresca
N2 77 24 3 A O, MOk R B il O 0.878 Al
0.868 ; WIE L Abs B ) B AHK, AHK
ZRHN -0.862. Mises N /7 H T T0ill #4 K} 1) J8 Ij AT
s DR B RN, AT RE SRR b A IR
WARTY, W7 RS ST, MRS T Mises B
775 Tresca % 73 F T 00 EH 25 b 09 28 14 A2 72 Fmg 38
DA 2 P 3G I 2 S EOHEE b i8S PR Y R ARk,
MNTITF ECET TR A3 784k s Abs B B 7RSS M E
52 ) R 4 I B B R R RAS W T R 3G 0, ek
7RSS N AE R 4k R R R g FasthINE TA], 323 Abs
JRE 7 R FEALG, PRI R 4 T RE S B D AR R B iR R
I ) AR TR R AR, ATITRRAR T Abs B 77
PRI, DR 5 07 LA H 1 = 82 g 3 R i I 25
FHRME

*® 4 RREBUSHFERENEXRY

Table 4 Correlation coefficients between food texture analyzer and pestle pressure simulation

RRE KM F T LM JiEHE eE g Mises Tresca Abs

#RE 0.183  0.364**  -0.730**  -0.299* -0.396** —-0.415%*  (.878** 0.868**  —(0.862%*
B E 1 0.03 0.127 0.607**  0.703** 0.745%%* -0.011 -0.095 0.107
FETY 1 —0.549%%* -0.08 -0.363* -0.313* 0.425%* 0.397**%  -0.390**
IR 1 0.159 0.772%* 0.665**  —0.822**  -0.860** 0.861

L E 1 0.529** 0.741%** -0.335%* -0.333%* 0.330%*
B b 1 0.961**  —0.579**  -0.654%*  0.662%*
ikt 1 -0.573**  —0.630**  0.635%*
Mises 1 0.966%*  —(0.954**
Tresca 1 -0.999**

Abs 1

E: R R TAAMEE, P<005; ** R TARAMMBEE, P<001.
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Tresca B /]l Abs B 7] 2 [AIAFAEAH B0 R, A
1M B R A B A .
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