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Abstract: In order to investigate the textural properties of carrots under different chewing rates and their correlation with
mechanical parameters, the carrot block (thickness 5 mm) was taken as the research object, and the texture profile analysis (TPA) test
was carried out on it by using a texture meter to analyze the texture mechanical parameters (hardness, adhesion, cohesion, elasticity,
adhesion, chewing) and their changing rules under different chewing rates. Then, a chewing mechanical model and finite element model
were constructed to investigate the chewing mechanical properties of the carrot blocks under the grinding pestle and pestle pressure
movement. Next, the masticatory mechanics model was constructed and finite element simulation (Mises, Tresca, Max, Principal) was
carried out; finally, the correlation analysis among the parameters was performed. The results showed that: at the same speed, Tresca was
the largest, Mises was the second largest, and Abs stress was the smallest; the test speed showed a highly significant positive correlation
with Mises and Tresca stress (P<0.01), with correlation coefficients of 0.878 and 0.868, respectively; the test speed showed a highly
significant negative correlation with Abs stress, with a correlation coefficient of -0.862; Mises, Tresca stresses were significantly
correlated with adhesion, cohesion, elasticity, adhesion, and chewing (P<0.05), which indicated that the simulated stresses could reflect
the textural properties of carrots to a certain extent, and also verified the correctness of the model. This study will contribute to deeply
analyze the textural quality of carrot and promote its deep processing and comprehensive utilization, and also provides a scientific and
effective method to study the relationship between chewing behaviour and mechanical texture of fruits and vegetables.
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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.4 Influence of test speed on TPA characteristic parameters

A aMRREATRRE R, bR BT M e Rrhr; e KR BT R Rrh; R BT R R, e ]
Rik LA Ak, £ Rak AT R E 4 F R

HIF] 4a A1 4d RIHN, BEE L 5P A il o 0 ook P AR A B By, AR KRR A 2270 7019 4.96%A1 1.93%.,
IX S B I B X B L SRR AN . H ] de WTAN, A SR B e A e AR A R IO IR
&, HAARRHE R ZE N 8.25%; Z Bt ABE MBI BOR, AT RE A DR A DR A T 246 3 E AN A8 DAL A f A A2 05 (1 P
PR IG5, R 58 — R 4 R B S i A S . e dh, IR R AR (I 2 SR 2 N BB i
FRAE R AT AR ML, AT th 2 R0 A SRR 1l 45 2R

HT &l de R, ORGP i 2 0 1 2 (1 A2 A LR 3, HARRI R 2209 10.25%; B PESUE 23
STt R BTG S . BT R SE B TR S A RYE SR AR, DAL, FERERE . A SRR b Al 22
T 4.96% A 8.25% MBI T, ORGPER S T 55 75 H R ARG b s Z A K, ARdE R Z 10.25% 247
ErEE. ] 4f R, ELIEE R R R ) AR A BB ERES . MDA R AE I 22 11.87%; PEIgHE %L
EEISTHRFERTHES . B AR BB PE ARG PR oA, DRk, FESR A pr e 22 R A
1.93%I(1 RT3 T, P AR A U R ASRIBORE PEOR 3 — B Y RIUETHR FERETHESS, B, & 4e f14f

4



MR B MR Modern Food Science and Technology 2025, Vol.41, No.10
HE A BARAUNE . PhehE S UILAR RS DOARE IR R, RFT T AR 0E B IR 1 otk 4 ) 5
Wi, ZEREIRER], W BEX . BRI K, IR ZERITER BB 52, AR b v I 22 38 B 23 il
9%~27%H 5%~14%; T WE BRI, PyRIE. PEIEPE . [l EIERUEM AR . BRSO T A
Ik B 0 H 8 ERE TR AL & i R R R SR AR B R, SR FIRER WY, B I RGO, A AR (L
WEBEAR N EIRBTFCIAE T A SCES R RIIERATE, [N D95 SHR AR TR D SRR PR AR I TR B 4 5 2
*.

J5 R 8 DR B A2 4R R R Sk FRORG B B2 70 o HT I 4b T, i WURH B AR AL, R B MR B oK
FEXS AR 22 T8 5 37.79% . M0 B2 A28 A S S RO AE ot R0 AR T MR SN ). — 7 T, ot o 00 o 2 g 34 K
FE il 5 R S B R I ()92, AT ks A et R BT E PR Sk b BRI 1], I AT 8 3 BTG 78 40 AL 1 s MELIg o A
HHSEBRAE DL, T EIORS R 0 B 5 SR S PR LR EUAE X bR A T 22 550K (DN A v A ok TG 45 TR
vt B PR ST 1) Ok Jo2 JUOR BT SRR A okt 2 W] R oV B0 78 40 ARG B 0 k4% . 53— T T, ARyl ok 32
AT RE S INRE St AR T R, IX 2 P EORE SR PRGN, DROARE S I8 2 8 1 I TR) SR SR 91 N B L 2L,
M 51 7RSI BB RS IR ah s thdth, @23 B S HRr 2R (AR ENE MBI
RIZEE I AFAEZE ) FR G SLIN ] LA KR il 22 57 45 R o

2 ETHEBRENRE NS

NH g Fig AR B R P AR S B, R DI BT R INRTRL I RE P, BT ABAQUS A FRIT
BAT, WA R R R R AL NEREE N S RO AR O, 3T A AR O . AT 5L
= KRBV RIS, HUKRIERTHEN (Mises): FE=#EN PR, WIALREE LA BB I I Ak
BRI, W% bt R AR, R TTT, IXANBEIRE RIRVE A4 £ AR IE R r ) e FIRORT s
179 BORENHEN (Abs): MR BRI TR I SR s BEAR BRI, kbt & A 2B BOR: &k
BIYIN /3 (Tresca): ek /3 EWRHR KR 52 LT 2 HBLAR R i AR IR

R 05 HAF B B3R =0 2805 TPA BN S 8T BORBARSCAE A, FI T PP SLnH g A i, 45
O TP SR — FoRr Kk

2.1 AT H AT G R EF
WHIgHIZ o 1 N B M W . DIEIAR S R BT, MHEREsh EE AV UIE. B
Jo BRI I = A A i T B O MR IR A L A A R A I B R AR, R S SR S5

RRI2ST, DSl bk % B A M IR SR AT O . AR AP IR, B ailfdl e A sh, Taln L EZ&izs), 15
VEE OF 5 B b 1 Ak O 30 3 5 0 D MEL O TR AT R B, Mg R W 5 s

N ni

‘ £ ¥

——
U
5 HFEEFHEE

Fig.5 Schematic diagram of the pestle and pressure movement
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Table 2 Carrot block simulation parameters
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Table 3 Influence of test speed on the effect of clubbing pressure

S/mm

T/s  #&%/(mm/s) MisessMPa Abs/MPa Tresca/MPa

2.5
2.5
2.5
2.5
2.5

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

1 2.5 1.800 0.351 1.915

HI%E 3 WAL, fEAHFIESRT, Tresca e K. Mises X2 Abs N/ . BFFBIRIE 7 21#E8h K, X
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Table 4 Correlation coefficients between food texture analyzer and pestle pressure simulation
BE O REME S ARHK G IAbE sEME Mises Tresca Abs
#A 0183 0.364**  -0.730**  -0.299* -0.396** -0.415%* 0.878**  0.868**  -0.862%**

B 1 0.03 0.127 0.607**  0.703**  0.745** -0.011 -0.095 0.107
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ik 2 1 -0.573**  -0.630**  0.635%*
Mises 1 0.966%*  -0.954**
Tresca 1 -0.999**

Abs 1
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