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Acoustic testing for peach fruit ripeness
evaluation during peach storage stage

Evaluación acústica de la madurez
del melocotón durante la fase
de almacenamiento

Antihus Hernández Gómez1, Annia García Pereira1, Wang Jun2 y He Yong2

ABSTRACT. The firmness of peach fruit during four weeks of storage at 4 ± 0,5 ºC and 93± 2 % relative humidity was monitored using non-
destructive Acoustic Impulse-Response (AIR) and destructive Magness-Taylor puncture test. The correlation between acoustic response fre-
quency and some physical – mechanical properties of peach were analyzed. Standard light softening curves generated by destructive M-T
measurements for peach (China Pearl) consistently decreases with time; the same behavior was obtained in Firmness Index (S) and Elasticity
Coefficient (E) with bigger slope as difference. Firmness Index and Elasticity Coefficient as a function of time could be expressed as a decreasing
linear function. The AIR technique provides moderate M-T firmness estimation through Firmness Index and Elasticity Coefficient. A linear
relation was found between acoustic parameters and M-T firmness measurements on peach, suggesting that de correlation between them was
more suitable in firm that in soft peach. The correlation between the acoustic parameters and M-T varied according to the peach freshness.

Keywords: non-destructive test, acoustic impulse-response technique, postharvest, firmness, storage, peach.

RESUMEN. La firmeza del melocotón durante cuatro semanas de almacenamiento a 4 ± 0,5 ºC y humedad relativa 93± 2 % fue monitorizada
usando el método no destructivo de Respuesta al Impulso Acústico (AIR) y el método destructivo del pinchazo Magness- Taylor. La correlación
entre la frecuencia de respuesta al impulso acústico y algunas propiedades físico - mecánicas del melocotón fueron analizada. Curvas ligeras
normales de ablandamiento con una disminución continua en el tiempo fueron generadas a través de la prueba destructiva M-T realizadas al
melocotón (Perla de China); el mismo comportamiento se obtuvo para el Indice de Firmeza (S) y el Coeficiente de Elasticidad (E) con una
pendiente mayor como diferencia. El índice de firmeza y coeficiente de elasticidad pueden considerarse, como una función lineal decreciente en
el tiempo. La técnica AIR proporciona una moderada estimación de la firmeza M-T a través del índice de firmeza y coeficiente de elasticidad. Una
relación lineal se encontró entre los parámetros acústicos y la firmeza M-T del melocotón medido, sugiriendo que la correlación entre ellos fue
más conveniente en el melocotón más firme. La correlación entre los parámetros acústicos y M-T varió según la frescura del melocotón.

Palabras clave: prueba no-destructiva, contestación al impulso acústico, poscosecha, firmeza, almacenamiento, melocotón.
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INTRODUCTION

China is one of the earliest and important country of
origin of cultivated plants in the world, where many fruits
plant species such as peach, Asian pear, apricot, plum,
jujube, chestnut and filbert, have been originated. On

national level in terms of production, peach is next to apple
and pear and is symbolized for longevity and immortality
in Chinese mythology.

The quality of peach fruit is determined by several
internal and external factors. External factors such as shape,
mass and color, can be measured easily using different
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techniques, but internal attributes such as firmness, sugar
and acid content, and the absence or presence of internal
defects are more difficult to assess. Firmness is an
important internal quality attribute, which changes
considerably during storage and ripening, there are several
techniques available to measure it. The most popular
destructive test device is the Magness -Taylor puncture
test (M-T), a method (as many others) based on force-
deformation characteristics of the fruit. Other alternative
ways to measure fruit firmness are: correlation with the
natural frequencies of the fruit, and the fruit impact force
determination against a firm surface. Delwiche, [12], used
the impact force of apples, pears, and tomatoes for firmness
characterization. Since 1968, different techniques were
developed for fruit excitation and signal analysis, and the
non-destructive acoustic impulse-response technique was
introduced [2,14,25]. The natural frequency of the intact
fruit is obtained by recording the sound, which is produced
by hitting the fruit, and then performing a Fourier
transformation on the signal.

To indicate firmness for spherical fruit, a stiffness fac-
tor (Firmness Index) (S) (first introduced by Abbott, [2],
modified by Cooke and Rand, [10] can be calculated as:

S = f 2 m2/3 (1)

where:
S: Firmness Index, kg2/3 s-2;
f: is the second resonance frequency, Hz;
m: is the fruit mass, g.

In the specific case of Firmness Index, it is significantly
correlated with fruit firmness and sensory measurements,
[15]. According to Chen, [6], it is advisable to take the
average of three measurements equally spaced on the fruit
equator to reduce errors caused by the variance in shape,
a phenomenon inherent in horticultural products. Modal
analysis on spherical products (apples) has shown that
the best signal is produced when the response is recorded
0 or 180° from the place of impact, [17].

De Belie, [11] concluded in an experiment done with
apples, that the acoustic technique is very effective and
its sensitivity to firmness was greater than that of the
penetrometer measurement, and the correlation between
both methods varied according to the cultivars and
freshness. He also reported that there is a high correlation
between two non-destructive measurements performed on
the same location of the fruit and he is also agree with the
scientists that qualify Acoustic Impulse Response
technique as more accurately than the penetrometer test
to characterize the firmness of the whole fruit due to the
local character of those last measurements. Cooke and
Rand, [10] proposed a mathematical model for  the
interpretation of the vibrational behavior of intact fruit,
where the Elastic Modulus (or Young’s Modulus) could
be estimated satisfactorily as fallows:

E = f 2m2/3 1/3 (2)

where:
E: elasticity coefficient, (Pa);

f: is the frequency with greatest amplitude, (Hz);
m: is the fruit mass, (kg);
: is the density, (kg/m3).

The development of low-cost, lightweight, and flexible
piezoelectric film sensors was reported by Shmulevich, [21],
which open a new way for dynamic testing of agricultural
products. This sensor could detect the decreasing resonance
frequency or the Firmness Index with the time intervals in all
of tested apples and several other fruits during storage. The
measuring techniques of fruit firmness with the piezoelectric
film sensor were found to be simple, fast, and repeatable.

Acoustic response measurements have a reliable
indication of the change in mechanical properties of fruit
before, during and after harvest, what has propitiated the
use of this technique for the nondestructive firmness
assessment  of many commodities such as:  apple,
[3,7,9,19,24,25]; tomatoes, [13]; avocado, [16,20];
muskmelons, [22]; watermelon, [8]; pear, [18,23]; peach,
[3,23]; potato, [5]; and many others. Most of these
research works have been carried out using an experi-
mental system for nondestructive firmness evaluation,
based on flexible piezoelectric sensors and microphone
techniques which have successfully been used for several
fruit and other products.

The aim of this research work was to characterize the
post harvest firmness of peach cultivars (China pearl) in
cold storage conditions, using Acoustic Impulse Response
method and Magness- Taylor puncture test.

MATERIALS AND METHODS

Peach

Peach fruit “China Pearl” (Prunus Persica (L.) Batsch)
was taken from a packing house, 2 h approximately after
they have been harvested from the same orchard during
the summer harvest on July 25, 2003, in Zhejiang province,
China. Fruits were transported immediately to the Institute
of Modern Agricultural Equipment and Automation
(Zhejiang University). Upon arrival, 150 fruits were
selected according to color uniformity and size, obtaining
five samples and each sample with 30 fruits. Every fruit of
each sample was individually numbered.

For size determination, three measurements (mm) at right
angles were taken per fruit, with a digital caliper (Mitutoyo
0-150 ± 0,01 mm (UK)), two equatorial diameters (at 90 º),
and to a line from stem to blossom end of the fruit. All of
these values were averaged accordingly and medium size
of 65,5± 2,5 mm selected.

Fruits were harvested from many trees, pooled, then
randomized; the experimental design was completely
randomized with each fruit as an experimental unit.

Storage conditions

The peach fruits were packed in 4 plastic bags each with
30 fruits and were stored during four weeks at 4 ± 0,5 ºC with
a relative humidity (RH) of 93± 2 %, (placed in a cold storage
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room USDA-ARS). A pack having 30 fruits was removed
from storage at 1, 2, 3, and 4 weeks interval and was
evaluated. In addition, each sample was evaluated prior to
storage except the puncture Magnees-Taylor test where
only 30 fruits were selected from the beginning due to the
destructive character  of th is method.  Physical
measurements were conducted randomly on each fruit.
When fruits were cooled downed according to the room
temperature then the fruits were taken out from the
refrigeration chamber and were placed in the experimental
room, 6 hours before the tests. The room environmental
conditions were 20 ºC with a relative humidity of 70 %.

EQUIPMENT AND PROCEDURES

Experimental Equipment

The acoustic signal was sensed by a piezoelectric type
sensor acceleration (CA-YD-139) with the following levels:
sensitivity 0.05 PC/mms2, maximum transverse ratio d»5 %,
maximum velocity increment 105 ms-2, mass 5 g with a flat
frequency response between 4Hz - 200 kHz, was used a
sensor of force CL-YD-331, force impedance sensor with
electrical sensitivity 3.7 PC/N: measure range: force 2000
N, traction force 100 N and inherent frequency 55 kHz.

A multi channel combined type electrical amplifier
YE5853 was used with a frequency range of 1 Hz- 200 kHz,
with three bit and decimal system, transducer degree
regulate,  a ll  di fferent  sensi tivity tone can  reach
normalization process. Traduce sensitivity adjust range
from 4 - 10.99 PC/unit. Maximum electrical input quantity
10 PC, output gain 1, 3, 10, 30, 100, 1000 mv/unit. (Selected
value 100 mv/unit).

The sign was transferred to a computer (PC9801VM2,
NEC) through an A/D converter (PCL- 1800). The sampling
frequency was 25 kHz photoelectric switch used as a
trigger in order to obtain the same timing of data acquisition.
The data were analyzed by means of a Genie software
(Interactive signal processing package) for Windows. This
program gave a rapid visual depiction of the spectrum on
the computer screen and which also indicate the value of
peak frequency with the greatest amplitude. The selected
sound waves were imported to Microcal Origin 6.0 soft-
ware, and Fast Fourier Transform (FFT) was performed.

Measurement of Acoustic response

During the test, the peach fruit was first placed on a soft
foam in order to create free support conditions and not to
disturb the vibration pattern. The frequencies was obtained
with a piezoelectric sensor placed at opposite side of the
impact point; the piezoelectric sensor was composed for a
soft polyvinylidene fluoride (PVDF) film coated with thin layers
of conductors that were bonded to a soft polyethylene-foam
padding to allow free vibrations of the fruit. Fruits were then
excited at the marked positions, using a pendulum with a
wooden ball of diameter 24,5 mm and a 100 mm- long plastic
rod, the weight of the pendulum was 12 g. The frequency of

all individual fruit was measured on the three positions along
the equator approximately 120º between them, which were
light enough to avoid the damages. However, there may be
slight damage if the same point receives repeated impact. In
order to avoid this damage, it was verified that the location of
the impact point did not affect the sound signals. Then, the
impact point was periodically changed to minimize damage to
the sample. The intensity of impacts at given point was limited
to three repeated impact with a total of 9 per fruit. The peak in
the frequency spectrum, corresponding to the spherical mode
shape of the peach was recorded (the first resonant frequency
was selected). Figure 1 shows a typical frequency spectrum
for peach and the selected peak. Each signal was processed
and normalized by maximum sound intensity. The stiffness
factor was calculated by equation 1, and the elastic modulus
(or Young’s Modulus) estimation was done using equation 2.

Other measurements

The weight of the fruit was determined with the
Electronic Precision Balance (Toledo Meter, Max. 1000±
0,01 g). The weight loss was observed of all individual
fruits during storage time and different storage interval.
The percent weight loss can be calculated as fallows:

Wl = [(Wi -Wf)/ Wi] * 100  % (3)

where:
Wl : weight loss, %;
Wi : initial weight, g;
Wf : final fruit weight, after each storage interval, g.

The fruit density () was measured by Archimedes’
principle using a purpose-built apparatus for fruit
volumetric measurement by full fruit immersion in 1 liter of
clean tap water. Moist fruits were placed in the apparatus
which minimize air bubbles forming on the fruit surface
during immersion. Appropriate procedures were used to
account for the volume of the suspension apparatus, and
the fruit and water temperatures.

Puncture test was obtained through the Magness-
Taylor technique using an Universal Testing Machine
(Model 5543 Single Column, Instron Corp., Canton MA.
USA). To the Magness- Taylor puncture test, the fruit was
supported in a cradle that consisted of a 65 mm diameter

Figura 1. Typical acoustic frequency response curve of peach
“China Pearl” after storage.
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(about the same as the fruit) hemispherical depression in
the center of an aluminum plate. The M-T firmness was
measured with an 8 mm (5/16) diameter convex tip
Magness-Taylor type probe and data were plotted using a
trip recorder at 50 N full scale. Crosshead speed was
0,00016 m/s (10mm/min); skin was carefully removed with a
knife prior to firmness measurements, maximum penetration
in the peeled peach was standard (8 mm).

Firmness of all individual fruit was measured on the
three positions along the equator approximately 120º
between them, perpendicular to the stem-bottom axis. A
500 N load cell was used for firmness determinations. This
test measured the individual fruit firmness based on the
resistance of the fruit flesh to deformation by the probe.
The firmness related test was performed immediately after
acoustic measurements and it was used as a general term
to describe the mechanical properties of the fruit.

RESULTS

Peach ripening in cold storage
Changes in frequency, Firmness Index, Coefficient of

Elasticity and Magness-Taylor firmness of “China pearl”
peach during the storage at 4 ºC and 93 % RH are shown in
Figura 2 and Figura 3. The peach ripening is characterized for
a progressive decrease in the frequency, Firmness Index and
Elasticity Coefficient, while a less noticeable same behavior
is observed in the Magness-Taylor firmness; the higher S
and E corresponds to the firmer peaches prior storage. A
regression analysis yields the fallowing linear equations:

Frequency (f) = 257,979 - 5,589 T R2 = 0,983
Firmness Index (S) = 1,979 - 0,102 T R2 = 0,976
Elasticity Coefficient (E) = 0,206- 0,019 T R2 = 0,989
M-T Firmness = 7,212- 0,298 T R2 = 0,963
Where in the equations, T is storage time in weeks.

These equations illustrate the negative correlation between
the frequency, Firmness Index, Coefficient of Elasticity, and
Magness-Taylor firmness with the Postharvest storage. It
can be seen that the loss of 5,589 Hz in the frequency
corresponds to the loss of 0,102 x 104 kg2/3s-2 and 0,019
MPa in the firmness index and elasticity coefficient
respectively. These linear equations are the approximate
expression of f, S, E, M-T firmness in storage, where in fact
there exists more - less some non - linearity. It should be
reminded that these equations are only valid for the given
storage period under the state conditions.

The rate of weight loss of “China Pearl” peach is given in
figure 4. The longer storage gave the greater weight loss and
at the end of four weeks storage period, the highest weight
loss amount of 1,34 % for each fruit was obtained. The fresh
weight loss average per month, calculated from the peach
masses before and after the storage period, reached 2,601 g,
corresponding to 1,34 % per month. This was close enough
to an assumed 0,335 % per week. It is also shown that an
increment in the loss weight lost ascends of 0,32 % in the first
week up to a 0,4 % in its finishes week, being this, due to
biological changes that begin to take place inside the fruit as
a consequence of the long period in cold storage. During the

storage time peach firmness decrease with the weight lost
simultaneously. At shown in figure 1 and figure 3, after storage
for one week at 4± 0,5 ºC and 95 % R.H, the peach lost 2,68 %
of its firmness index and 0,32 % of its weight; after four weeks
the peach losses reached 20,43 % and 1,34 % of its firmness
index and weight respectively. The loss in the firmness and
the weight can be attributed to the fruit ripening process after
harvest.

Because the mass loss of peach was not significant during
the whole storage time (sample population mass was between
143,674 and 164,856 g, with 6,17 g standard deviation), is
possible to assert that the mass has a small effect on the
calculated firmness index and elasticity coefficient
comparative with the change that it can cause in frequency.
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Table 1 shows the change of 30 “China Pearl” peaches
in sonic resonant frequency average and the standard
deviation (SD) internal. The standard deviation of 26,6 Hz
prior to storage increases gradually to 33,55 Hz after
storage for 4 weeks, implying an increase difference in the
firmness of the peach. This phenomenon is most likely
caused by a different ripening rate of each single peach,
since it is assumed that the resonant frequency in fruits is
changed mainly by ripeness. Coefficient of variability (CV)
generally grow up as the storage duration and peach
softening increased. Average values of mass, density,
frequency, firmness index, elasticity coefficient and
firmness are also shown.

Peach texture

Due to the heterogeneous structure of fruits and the
principle of the measurement, the firmness determined by
destructive M-T puncture test depends strongly on the
position on the fruit chosen for the test. For example,
Abbott, [1] has shown that crushing strength varies with
position and depth of test while shear force measurements
can vary by up to a factor of four over an equatorial slice
of an apple. In comparison the acoustic impulse response
method is non-destructive, and gives an overall mechanical
properties of the fruit, which takes into account the diverse
heterogeneity of the structure and form. On the other hand
the resonant frequency in which the calculations of the
acoustic parameters are based, they vary lightly from a
point to another measured around the equator of the fruit.
Table 3, shows the correlation between the non-destructive
parameters obtained by acoustic response analysis and
destructive (M-T) puncture test. This table illustrates the
positive correlation between firmness index and M-T
firmness with a correlation coefficient of 0,716. A
reasonable correlation was established between the
coefficient of elasticity and the firmness M-T at a depth of
8 mm below the skin for the “China Pearl” peach, when all
results over four week were combined, for this data the
correlation coefficient was 0,741. Once but it is possible to
affirm that the coefficient of elasticity is more suitable
indicator for the control in the maturation of the fruit during
its refrigeration. Although the correlation coefficient
between the frequency and firmness index (0,976) is better

Tabla 1. Changes of nondestructive acoustic impulse response parameters and destructive data of “China pearl” peach
during cool storage conditions

Time 
(weeks) 

Mass 
(g) 

Density 
(kg/m3) 

Frecuency 
(Hz) 

Firmness 
Index 

(102 kg2/3s-2) 

Elasticity 
Coefficient 

(kPa) 

Firmness  
M-T (N) 

0 154,05±6,17 957,59±1,06 251,52±26,6 186,43±0,05 183,933±0,01 16,87±2,2 

1 153,56±6,32 955,41±1,04 248,72±28,21 181,90±0,048 173,400±0,009 16,74±2,1 
2 152,96±6,49 952,98±0,963 240,29±31,48 166,50±0,042 147,667±0,008 16,27±2,5 
3 152,60±6,60 951,19±1,119 235,19±32,08 15430±0,040 128,467±0,011 15,92±3,1 
4 151,99±6,74 948,42±0,865 230,34±33,55 148,57±0,045 111,300±0,012 15,79±2,9 

 
than between elasticity coefficient and frequency (0,941),
indicating bigger dependence between resonant frequency
and firmness index of the fruit. There was significant
correlation between the firmness index and elasticity
coefficient R2 = 0,958.

Table 2. Correlation matrixes of peach properties
(150 samples)

 M-T f S E ρ 
M-T 1     

f 0,7255 1    

S 0,716 0,976 1   

E 0,741 0,941 0,958 1  

ρ 0,6243 0,885 0,8053 0,899 1 
 

The correlation between the acoustic impulse response
technique and puncture test varied according to the peach
freshness see table 4. The correlation coefficient before
and after storage between M-T puncture and firmness index
decreasing from 0,761 to 0,721, in a same way to correlation
coefficient between elasticity coefficient and M-T firmness
decreasing from 0,785 to 0,75

Table 3. Correlation coefficients M-T firmness vs. acoustic
indicators per week (30 samples)

Pearson correlation coefficient  
Weeks 

Acoustic 
Parameters 

 
 
 0 1 2 3 4  

0,761 0,754 0,749 0,742 0,721 S M-T 
0,785 0,772 0,764 0,758 0,752 E 

 
The acoustic impulse response method is then an

indirect way for non- destructive sensing of the peach
ripeness. On the other hand the data suggests that firmness
index and elasticity coefficient can both be used to
distinguish among fruits with different maturity levels
during the Postharvest storage.

During the realization of the whole experiment no sign
of bruising was observed in the fruits tested, confirming
the non-destructiveness of this technique.
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CONCLUSIONS

• Acoustic Impulse Response gives a reliable indication
of the change or/and maturity status of peach fruit
during the cold storage conditions.

• The first resonant frequency, firmness index and
elasticity coefficient were clearly identified and steadily
decreased with storage time.

• The correlation between the acoustic parameters and
the M-T puncture test was moderate which decreased
week after week in the storage.

• The nondestruct ive acoust ic test may replace
conventional destructive test of peach in order to de-
termine fruit firmness and expected shelf- life.
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AgrIng ´2006
II Conferencia Científica de Ingeniería Agrícola de La Habana en saludo al XX Aniversario de la

fundación de la Revista Ciencias Técnicas Agropecuarias

CONVOCATORIA
El Centro de Mecanización Agropecuaria (CEMA), la Revista Ciencias Técnicas Agropecuarias (RCTA) y
la Facultad de Mecanización Agropecuaria de la Universidad Agraria de La Habana (UNAH), en coauspicio
con el Instituto de Investigaciones de Riego y Drenaje (IIRD) del Ministerio de la Agricultura  de la  República
de Cuba, CONVOCAN a la

II Conferencia Científica de Ingeniería Agrícola AgrIng ‘2006, y Festival de la RCTA

 a celebrarse en la semana santa del 2006 en áreas de la Universidad Agraria de la Habana.

TEMÁTICAS PRINCIPALES EN EL MARCO
DE LA INGENIERÍA AGRÍCOLA:

 Agricultura Conservacionista;
 Agricultura de Precisión;
 Poscosecha;
 Geoinformática en la agricultura;
 Investigación y Evaluación de la Técnica Agrícola;
 Riego y Drenaje;
 Energía en la Agricultura;
 Producción Animal;
 Diseño, Fabricación,  Explotación y Reparación de la Técnica

Agrícola y Constructiva;
 Desarrollo y Aplicación de Software;
 Docencia y Capacitación.
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