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Abstract—The force-distance curves of Chinese cabbage leaf-stalk obtained from puncture and cutting tests
using different types of probe were compared and the results were analyzed in relation to the microstructure
and sensory characteristics.

The force-distance curve varied with the tip angle, tip area and perimeter of the probe of puncture test.
The breaking force increased as the tip area and perimeter increased. In cutting test typical three peaks were
obtained indicating the cutting forces for the surface epidermal layers and inner vascular system.

By salting of cabbage leaf, the maximum force of puncture test decreased while the breaking force increased,
resulting in a remarkable increase in the ratio of breaking force to the maximum force (a/c), particularly with
the probes having large tip area and perimeter. The length to the elastic limit increased, and consequently the
elasticity(a/1) at the initial deformation increased by salting.
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In cutting test, the cutting force increased by salting of cabbage leaf. The sensory crispness was related

to the changes of maximum force and a/1, toughness to the changes of breaking force and a/c in puncture test

and culiing foree in cutting test, and the juicy-crunchiness to the a/c of puncture test.

Keywords: Chinese cabbage, Textural parameters, Force-disiance curves, Microstructure, Puncture Probes.
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Fig. 1. Scanning Electron Microscopic picture of fresh
Chinese cabbage leaf-stalk (50X},

Fakdeh 13).
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Fig. 2. Changes in the microstructure of Chinese cabbage
leaf-stalk by salting as shown by SEM, A: Fresh
cabbage (100X), B:Salted in 20% brine for Zhrs
(150X).
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Fig. 3. Typical Force-Distance curves of Chinese cabbage leaf-stalk determined by different types of puncture and

cutting probes.
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Fig. 4. The changes in force-distance curves of Chinese cabbage leaf-stalk by salting in 20% brine for 4 hrs.
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Table 1. Mean and standard deviation of each textural parameters of fresh and salted cabbage leaf-stalk determined by

different probes of Rheometer.

Mean of measurements and % standard deviation

Average of 5.D. in % of

Fresh Salted (20%, 2hr) Salted (20%, 4hr) Mean
Needle Type
< (g 156 (11) 63 21 45 (21) 17.7
c/l 2.1 (12) 1.1 (48) 0.7 (19 26.3
Awl Type
a 27 (26) 29 (19) 29 (2%) 233
C 426 (8) 165 (30) 148 (22) 20.0
asl 25 1.2 (22) 09 (17) 16.0
Driver Type
a(gp 45 (1) 84 (14) 92 (17 14.0
c (g 221 (13) 128 (15) 88 (22) 16.7
a/c 0.2 (11) 0.7 (14) 1.1 (19} 14.7
a/l 4.5 (11) 24 (17 1.9 (17 15.0
Rod Type
a (g9 349 (19) 601 (14) 532 (17 16.7
c (g9 204 (22) 258 (26) 260 (23) 23 .7
a’c 1.7 (20) 23 (2% 20 2D 213
a/l 12.1 {18) 7.6 (15) 5.9 21 18.0
Spatular Type
a (g 346 (10) 491 (10) 559 (9) 9.7
c (g 504 (7) 354 (13) 277 (16) 12.0
a’c 0.7(8) 14 (1) 2.0 (12) 10.0
a/l 28.8 (11) 18.2 (14) 12.7 (1D 12.0
Knife Type
a 374 (19) 855 (13) 763 (27) 19.7
b’ 457 (24) 755 (27) 640 (26) 257
¢’ 977 (12) 1100 (11} 937 (15) 12.7
a'/i 11.0 (13) 13.0 (10 10.8 (14) 12.3

(1) ( ) standard deviation, % of mean value.

(2) Definitions of textural parameters are same as in Fig. 3.

a: breaking force, ¢: maximum puncture force, /- length to elastic lLimit,

a’, b’, ¢’: first, 2nd and 3rd cutting force.
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Table 2. Sensory scores of fresh and salted cabbage (in
20% NaCl sol))
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Salting time (toughness) (crispness} (Juicy-crunchiness)

O hr 5.00 5.00 5.00
2hr 6.68 4.24 6.76
4 hr 7.36 2.37 716
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