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Abstract

A prototype portable firmness measurement instrument was designed and constructed a system for
controlling speed rate, angle and depth of penetration and assessed performance. The system used a constant
force spring, a miniature adjustable-speed control for speed rate control, a pillow-block linear bearing with shaft
for angle control and pins with leveling holder for depth control, and installed a digital force gauge to allow
moving in vertical direction to acquire firmness value. The instrument operated automatically to measure
firmness of fruit with 210 mm min" speed rate of penetration without operator to drive a probe into a flesh and
remove the probe out by operator to set a probe at beginning position. In performance assessment using 8 mm
diameter of flat probe, the prototype instrument and a handheld penetrometer were used and compared and
correlated the result with a universal testing machine, which was set speed rate at 25 mm min" on firmness
measurement in papayas with firmness range 10 to 100 N. The prototype instrument provided higher correlation
(R) than that of the handheld penetrometer and the R was 0.996 and 0.971 for the prototype instrument and the
handheld penetrometer, respectively. Another test for precision, the prototype instrument was compared to the

handheld penetrometer in term of standard deviation. The results showed that the prototype instrument gave


http://www.tci-thaijo.org/index.php/TSAEJ

Thai Society of Agricultural Engineering Journal Vol. 23 No. 1 (2017), 8-15

the lowest standard deviation value of firmness or highest precision and significantly different with the handheld

penetrometer in all range of papaya firmness.

Keywords: Portable penetrometer, Fruit firmness, Precision
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Figure 1 prototype

portable
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No. | List
I | Lever
2 Pillow-block linear bearing with shaft
3 | Digital force gouge
4 | Flot probe
5 Sample holder
6 | Compression spring
7 |Pin
8 Pulley
9 | Main frame
10 | Miniature adjustable-speed control
11 | Leveling holder
12 | Constant force spring
13 Sample holderlock
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mm AAMALEN 10 mm (Bron  and Jacomino,  2006;
Sancho et al., 2010)

(c)

The

measurement instrument (a) before measuring (b) and

Figure 2 prototype  portable  firmness

after measuring (c) fruit.
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Figure 4 Difference in papya firmness value between
UTM and the prototype (a), UTM and handheld
penetrometer (Effegi) (b).
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Figure 5 Correlation of papaya firmness
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1 Table 1 The standard deviation value of the prototype instrument and the handheld penetrometer (Effegi) in

2 papayas firmness measurement on each ridge at 10 to 100 N.

Standard deviation of firmness (N)

Type
10-50N 50-100 N 10- 100 N
Prototype 0.93+0.88aA 0.85+0.80aA 0.90+0.85a
Handheld 2.43+1.65bA 3.87+2.36bB 2.94+2.05b
Sample No. 90 50 140
s Note: 1. Small letter showed difference between instruments.
« 2. Capital letter showed difference between ranges of firmness.
maturity stages. Brazilian Journal of Plant
4 &y o Physiology 18, 389-396.
insefukuUdmSUTaAIAULIRTAS I TUET  Chen P 1996, Quality evaluation technology for
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