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1- Golden delicious

2- Jonalgold apples

3- Acoustic impulse response
4- Low mass impact

5- Soluble Solid Content (SSC)
6- Golden delicious and idared
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Fig.2. Sound analyzer to record signals from non-
destructive impacts to apples
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2- Institute of Standards and Industrial Research of Iran
3- Equatorial diameter

4- Natural or dominant frequency

5- Firmness index

6- Coefficient of elasticity
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Fig.1. Pendulum impactor for applying controlled
impacts for apple tissue destruction
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Fig.3. Texture analyzer for determination of texture of
fruit with destructive method
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Table 1- Analysis of variance of measured variables

F-value | DARER
kS ol @31l gan > b Wl e (el Al G gl Cdl (i
B Degree of Natural Firmness Coefficient of Penetration
Sources of variations . L
freedom frequency index elasticity firmness
o 1 9.074" 16.522" 16.654" 40.216"
Coating
e 1 0.446™ 3.892™ 2.781™ 1.391™
Impact
QL"} 9 44.093" 55.728" 58.225" 6.709°
Time
e Xt 1 3.487" 3.110™ 2.779" 2.836™
Impact x Coating
s 9 0.543" 0.375™ 0.453" 0.380"
Time x Coating
ol Xy 9 0.395™ 0.548" 0.605™ 0.150™
Time x Impact
Ol Xdspd X sy 9 0.410™ 0.722™ 0.660™ 0.350™
TimexImpactxCoating
s 200
Error
N3
Total
T il pks > 239 18.72 36.12 36.59 49.43
Coefficient of variation,
%
" Significant at level 5% 70 Joss! pdaw )3 )5 gxe”
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Table 2- Mean comparison of measured variables affected by storage duration
oo 5 5 o g5 ¥ il i
Time (week) Frequency (Hz) Firmness Index (sz.gm) Coefficient of elasticity Firmness (N mm?)
sz.g2/3(g.cm'3)”3

1 1.8100E3° 2.1018E5" 2.0429E6" 0.2724°
2 1.0266E3¢ 1.9001E5° 1.8624E6° 0.2135°
3 9.6692E2¢ 1.5887E5¢ 1.5369E6¢ 0.2085%
4 9.2133E2% 1.4673E5% 1.4362E6% 0.2022°%
5 8.7533E2° 1.3835E5° 1.3538E6° 0.1883°
6 8.1004E2° 1.2000E5° 1.1649E6° 0.1789°
7 7.5904E2% 1.0506E5® 1.0096E6° 0.1499%<
8 7.3921E2° 9.7162E4° 9.2796E5" 0.1426™¢
9 7.1550E2° 9.1568E4° 9.7667E5° 0.1204®
10 7.0350E2° 8.8760E4° 8.5326E5° 0.09560°
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In each column means with the same letter have not significant differences
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Fig.4. Natural frequency changes with storage duration
In each group of apples means with the same letter have not significant differences.
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Fig.5. Firmness index changes with storage duration
In each group of apples means with the same letter have not significant differences.
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Fig.6. Coefficient of elasticity changes with storage duration
In each group of apples means with the same letter have not significant differences.
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Fig.7. Penetration firmness changes with storage duration
In each group of apples means with the same letter have not significant differences.
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Table 3- Correlation coefficients between measured variables in two groups of apples. A: Bruised and uncoated apples
and B: Intact and coated apples
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Introduction: Apple fruit (Mauls domestica Borkh, Rosaceae) after citrus fruits, grape and banana, is the
fourth important fruit in the world and is considered the most important fruit of temperate regions. In terms of
trade volume, Iran is fourth producer and 17" exporter in the world. Among Iranian cultivars of apple fruit,
known as “Golab apple”. Golab apple is one of the fragrant and tasty varieties and meanwhile is very sensitive
and also its period of the postharvest shelf life is very short. In a study, the firmness of pear fruit during 4 weeks
of storage was monitored using non-destructive impulse response (I-R) and destructive Magness-Taylor (M-T)
puncture tests. The results of this study showed that the dominant frequency, stiffness coefficient and elasticity
coefficient as a function of time could be expressed as a decreasing linear function (Gémez et al., 2005). Tiplica
et al., (2010), showed that acoustic measurement can be a useful tool to discriminate different apple batches with
a low error rate. Starting from the spectrum of the signal recorded by a microphone after the impact of a small
hammer on the fruit, 18 key features were identified and used for the classification of apples belonging to 10
different varieties. The study aimed to evaluate apple firmness measured using both the penetrometer and
acoustic methods. The methodologies were applied to Royal Gaya and Golden Smoothee apples harvested from
12 different orchards in Catalonia (Spain), on six different dates, and over three seasons. The results obtained
showed a noticeable correlation between Magness Taylor firmness and acoustic measurements in Royal Gala,
but no correlation was found for Golden Smoothee. In this study, also, acoustic measurements seemed to be a
good tool for evaluating changes in tissue firmness during long-term storage (Molina-Delgado ef al., 2009). In
another study, it was presented a novel approach based on the simultaneous profiling of the mechanical and
acoustic response of the flesh tissue to compression, using a texture analyzer coupled with an acoustic device.
The methodology was applied to a 86 different apple cultivars, measured after two months postharvest cold
storage and characterised by 16 acoustic and mechanical parameters. The results demonstrate the good
performance of our combined acoustic-mechanical strategy in measuring apple crispness as it is perceived by
human senses (costa ef al, 2011). Hence, present study was about postharvest durability evaluation of this apple
in cold storage and effect of methylcellulose coating on durability of this sensitive apple for both intact and
damaged ones.

Materials and Methods: After obtaining Golab apples, from one of the gardens of Karaj (Alborz province,
Iran), 240 of them were selected. Our aim in this study was to evaluate the firmness of apples with two methods:
penetration (destructive) and acoustic (non destructive). The tests were performed in Agricultural Engineering
Research Institute in Karaj. Firmness is one of the fruit characteristics that changes during storage. In present
study, this characteristic of the apple fruit was assessed by two mentioned methods. Half of the apples were
damaged with identified and controlled impact. In the next stage, another half of apples in both groups (the intact
apples and the bruised apples) were coated with methylcellulose. Effect storage on apple in four groups,
including: Intact and uncoated apples, intact and coated (with methylcellulose) apples, bruised and uncoated
apples and bruised and coated apples during about ten weeks of cold storage at 2°C and 85% RH was studied by
the acoustic and the penetration tests. Acoustic parameters including: natural frequency, firmness index,
elasticity coefficient were measured by recording audio signals resulting from non destructive impacts of a
pendulum using a sound analyzer microphone and then the conversion of those parameters were performed from
the time domain to the frequency domain by the corresponding formulas and software. Penetration test
measurements were performed using a texture analyzer and its software. The tests were carried out every week.
Statistical analysis of the results was carried out using Excel 2007 and SPSS 16 software and the significance of
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the results was determined using Duncan's test at the 5% confidence level.

Results and Discussion: Analysis of variance showed effect of independent variables including: effects of
coating, impact and time and also interaction effects on dependent variables including: natural frequency,
acoustic index and modulus of elasticity and penetration index on the tested apples. Effects of coating and time
were significant at the 5% confidence levelon all dependent variables. But the impact and interaction effect were
not significant on dependent variables (Table 1). In general, bruise and lack of coating on the apples during the
10 weeks of storage, were reduced acoustic parameters. In the penetration test, changes were similar to acoustic
test (Table 2). In this test, all curves have downward trend and combination of independent variables: coated and
intact apples were reasons of more penetration resistance of apples in all of the groups. The condition was
continued until the end of storage time, despite of the downwards slopped curves in all groups. In penetration
test, coated apples keep more firmness than other groups (groups of apples without coating) and thus the apple's
quality would stay better, too (Fig.7).

Conclusions: In general, the following results were obtained from this research: The results showed that the
acoustic and penetration parameter were decreased during 10 weeks of storage. Reduction of these parameters
continued until the end of storage period, but this reduction was significant only up to eighth week. Also at this
time, the acoustic parameters (natural frequency, firmness index, elasticity coefficient) and penetration firmness
in intact and coated apples were 14.26%, 4.11%, 14% and 40% respectively higher compared to other apples.
Due to the more tangible acoustic parameters changes, especially acoustic index and modulus of elasticity
(having the more slope than the penetration firmness). One could use acoustic tests for more accurate evaluation
of apples firmness and quality changes. Finding correlation between acoustic parameters and penetration
parameter showed that, correlation between acoustic parameters in each case is greater than correlation between
these parameters with penetration parameter.

Keywords: Acoustic test, Golab apple, Non destructive tests, Texture analyzer



