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Abstract

We investigated the time-course changes in the elgsiticiex (El) and the texture index (TI)
of pears Pyrus communis L.), namely, ‘La France’ during the postharvest period. Bs w
determined using a formulal = f,>m?, wheref, is the pear sample’s second resonance
frequency andn is the sample mass. A nondestructive vibrational method adasgr Doppler
vibrometer (LDV) was used for measuring the pear samgdesind resonance frequen&y. (
Changes in the EI of the pear samples showed bi-phasic dd¢gag. with sensory testing, we
determined the period of optimum eating ripeness of thesa@aples in terms of their El to be
8.1x10¢ — 1.5x10 kg?”® HZ2 Pre-determined El of pears enables consumers to prieglittrte
range of optimum eating ripenegs improved device for texture measurement was used for
measuring time-course changes in the texture of pears. Tiueetexas quantified with TI,
which was determined for 18 frequency bands through integratisquzfred amplitudes of
texture signals multiplied using a factor of a frequency bahd. Tl declined gradually over a

wide frequency range as the pear samples ripened.

Keywords: Fruit ripening; Storage; Laser Doppler viborometer; Piezbdetesensor
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1. Introduction

Pears continue to ripen after harvest. They must be dtmradoarticular period at a low
temperature after harvest to be ripened to the desirddre; otherwise they fail to ripen
properly (Chen and Borgic, 1985; Murayama et al., 1998). The qualigating depends on
the degree of ripeness. If the degree of ripeness couldtbemined nondestructively, it would
be a useful indicator for distributors to determine when fo i@ pears and for consumers to
know the optimum timing for eating. The degree of ripenégsears can be estimated from
their firmness because pears lose firmness as they flipeaséki et al., 2006).

Various techniques have been developed to evaluate the firofrfesis nondestructively.
One technique is measurement of the velocity of transmatogd waves in fruit. Muramatsu
et al. (1997a) showed that the velocity of sound waves dexsea Kiwifruit ripen. Sugiyama et
al. (1998) developed a portable firmness tester using theityetdicsound transmission in
melons. This device was later improved for measuring peamndiss (Sugiyama, 2001).
Another method is by measuring the mechanical resonance of admiyile (Abbott et al.,
1968; Finney, 1971; Yamamoto et al., 1980, 1982; Abbott, 1994). Murantadu(&£997b)
showed that a method using a laser Doppler vibrometer (LDV) adssmntageous for
nondestructive measurement of fruit resonance. They determigefirtimess using the
formula El= f,>n?? (Cooke, 1972; Terasaki et al., 2001a), whgiethe second resonance of a

fruit sample andm is the sample mass. The method using an LDV has been applied t
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monitoring the ripeness of kiwifruits (Terasaki et al., 20@1f)1c) and pears (Terasaki et al.,

2006).

Terasaki et al. (2006) measured the elasticity index ofpeadifferent storage periods at

low temperature (1 °C). However, the period of optimunmeatipeness of pears has not been

determined clearly and nondestructively.

The first objective of the present study was to determing¢hied of optimum eating

ripeness of pears nondestructively. Additional interest déhlwas changes that occur in the

texture of pears during the ripening stage. Food texture, suchispsess, is an important

attribute of fresh produce. Consumers use such texture to eviladreshness of produce. For

pears, texture is expected to change considerably as thay Yipeous methods have been

used to measure physical properties of food such as textussukdéenent methods include

both mechanical tests and sensory evaluation. Most acoustites of food texture

measurement have involved the use of a method of recordingothel produced by

mastication of food (Lee et al., 1990; Vickers, 1991; Dacremi@95). Early work on acoustic

measurement of food texture was conducted by Drake (1963, 196%)ottedsthat crispier

products generated louder sounds. A problem associated with tthedme that intrinsic

texture information can be lost because of the resonance of ke pa the mandible.

Furthermore, the soft tissues in the mouth absorb or damgleartirequency sounds (Vickers,

1991). Vincent (1998, 2004) later introduced an engineering methodlt@evthe texture of
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fruit and vegetables. Sakurai et al. (2005) developed a texteasurement device using a

piezoelectric sensor. Later, Taniwaki et al. (2006b) improheddevice and developed an

octave multi-filter which enabled the calculation of the textundex of pears, apples and

persimmons in the frequency domain. Mechanical and acoustfodseof measuring food

texture have been well reviewed by Duizer (2001) and Roudaat. §2002). Sensory

evaluation is another widely used method of evaluating foolityj(iehinagic et al., 2004). In

this method, a panel evaluates food samples and grades therdiag to predetermined

standards. Sensory evaluation results have been frequently atemrelith those of

instrumental methods (Harker et al., 2006).

The objectives of this paper were (i) to measure thegdsin the elasticity index (El) of

pears in the postharvest ripening stage using a previouslyogedgehondestructive method

with an LDV, (ii) to determine the period of optimum iagt ripeness of pears by using

determined El and sensory test, and (iii) to investitetdextural changes of pears during the

ripening stage using an improved texture measurement devidegedearlier by Taniwaki et

al. (2006b).
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2. Materialsand Methods

2.1. Description of samples

Pear sample$¢rus communisL.), namely ‘La France’, were used for our investigations.

In all, 24 samples were harvested at a commercial orckeardviamagata, Japan, on October 14,

2006 for use in our investigations. They were stored at 2 °C fdr 8&n at room temperature

(ca. 20 °C, RH 50%) during measurements. Pears soften @i aebuttery and juicy texture

after short-term storage at a low temperature (Murayamal.e 2002). The method of

preparation of the samples for the texture measurement atiebfeensory test is presented in

Fig. 1. From each pear sample, a 20-mm thick slice wagnebtalong the equatorial plane.

Half of the slice was used for texture measurement; thaingler was used for sensory test.

2.2. Sensory test

A sensory test was performed by panel of two experts. Eawfligtagraded the samples

for hardness, crunchiness, thickness, sweetness, juicirédisy, aand overall acceptability.

The samples were rated using a scale of 1-5 (1, overrippe3and 5, immature). The samples

were evaluated every two or three days for 16 d.

2.3. Elasticity index measurement

The elasticity index (El) of each sample was determined ntrndésely every two or
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three days immediately before the sensory test. The El@tasmined according to the formula
El = f,>m?® (Cooke, 1972; Terasaki et al., 2001a) using the second resoméne&ibrational
spectrum, i.ef,, and the mass of a sampheThe experimental setup, developed previously by
Muramatsu et al. (1997b) to measfyis presented in Fig. 2(a). A sample with a reflectiira fi
was set on an electrodynamic shaker (513-B; EMIC Corp., Tdagan); then the sample was
excited for 10 s with swept sine wave signals (frequencykBiz2 that were generated using a
PC. The vibrational response of the sample was sensedausisgr Doppler vibrometer (LDV,
LV-1720; Ono Sokki Co. Ltd., Yokohama, Japan). The shaker vibration mastored
simultaneously with an acceleration pickup (NP-3211; Ono So#kL., Yokohama, Japan).
The signals from the LDV and the accelerometer were tradtesirio the PC through a signal
separator (D2VOX; 10 DATA Device Inc., Kanazawa, Japarfast Fourier transform (FFT)
algorithm (Spectra Pro; Sound Technology, Campbell, USA) wasedpidithe ratio of the
response signalX{xmpid to the excitation signalXgpu) to obtain a vibrational spectrum of the

sample. A typical vibrational spectrum of a pear sampteasented in Fig. 2(b).

2.4. Texture measurement
Figure 3(a) shows the experimental setup for measuring xtard¢eof pear samples.
Details of the texture measurement device have been repgriehiwaki et al. (2006b). The

device mimics the mastication process of human beings. Uginegaelectric sensor (1 mm
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thickness, 10 mm diameter, 2Z10D-SYX; Fuji Ceramics Corpji, Bapan), the device
measures the acoustic vibrations generated during penetrat@oprobe into a sample. The
detection range covers the entire audio frequency range (0—2%2$00hd probe was a wedge
that is 5 mm wide and 20 mm long with a tip angle of 3@fe probe was inserted into the
mesocarp tissue of the samples. The probe penetration spe@€@ wm$, which was inferred
to lie within the speed range of typical human masticatiRoudaut et al., 2002). The data
sampling rate was 80 kHz. A typical texture signal of a pample is presented in Fig. 3(b).
Texture measurement was performed at nine points of the inideiegrand outer parts of each
sliced sample (Fig. 1) every two or three days along thighsensory test. The texture signals
thus obtained were filtered using a half-octave multififeaniwaki et al., 2006a, 2006b) for
analyses in the frequency domain. We defined the texture {fidgin terms of the “energy
density” as

(53 V'
wheref, represents the lowest ahdhe highest frequency of each frequency band determined
using the half-octave multi-filter; in additio, is the amplitude of the texture signal, anid
the number of data points (Taniwaki et al., 2008). This equataanapplied to texture signal

data of each frequency band.
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3. Reaults

Figure 4 shows the time-course changes in the panel seasbigdex of pear samples

with respect to seven items (hardness, thickness, crunshévesetness, juiciness, acidity, and

overall acceptability). Hardness decreased linearly througkimeitmeasurement period.

Thickness and crunchiness decreased gradually until day &cgopedd declining between day

8 and 13, then declined again thereafter. Sweetnessyagiaiiness, and overall acceptability

decreased gradually until day 8 and showed a temporary increasel day 12, then declined

again thereafter. The optimum eating ripeness was deterrtonieel day 6 from the overall

acceptability index (= 3).

Figure 5 shows time-course changes in the averaged (a)dindual (b) EI of the pear

samples. The overall decline pattern indicated quasi-expondatialy ( = 0.997). However,

the results showed a bi-phasic decline pattern (until dayd&hereafter).

Table 1 shows the coefficient of correlation between the seirstices with respect to

six items and EIl. High correlations (significant at the 1e¥%el) were observed between the

sensory indices and the El. The results showed that theatmmsl were slightly higher for the

physical attributes (hardness, crunchiness, thickness) thahehgcal attributes (sweetness,

acidity) and juiciness.

Figure 6 shows time-course changes in averaged Tl at pondisg frequency band. The

Tls between 100 and 1600 Hz were lower than those of other badred§| gradually decreased
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with time throughout the measurement period. The dominant decredbe @ occurred

during the first 6—8 d from 0 to 400 Hz, whereas Tls over 1608ddreased between day 0 and

day 4.

Figure 7 depicts the correlation between the sensoryntdises (hardness, crunchiness,

thickness) or El, and TI. High correlations were observed througieaudio-frequency band

(0—17920 Hz) except for the highest frequency band.

4. Discussion

We used swept sine wave excitation for measuringititational responses of the

pear samples. The swept sine wave method is better foatedetermination of the resonance

of the samples than the manual hitting method because therferables the excitation energy

to be concentrated within a small frequency band at a plartiime. In contrast, using the

latter method, the excitation energy is spread over frequeata@&wide range in a limited time

period. Figure 5 depicts a bi-phasic decline pattern of Bé fime-course change in El of

individual samples more clearly showed the bi-phasic patéesimilar pattern was observed

for pears (Murayama et al., 2006) and kiwifruits (Terastél.e2001b).

Table 1 shows that the EI was highly correlated with dmsary test indices. Therefore,

the results are useful to determine the period of optimatng ripeness. The nondestructively

pre-determined period of optimum eating ripeness can be arneetdaticator of the quality

10
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for eating. Supposing that this period is defined in termb®fsensory test index of overall
acceptability, which lies between 2.5 and 3.5, the sparding EI can be derived as shown in
Fig. 8. The El for the period of optimum eating ripeness cedsulated as 8.1x16-1.5x16
kg”* HZ

The correlations between the sensory test indices and thalde (I) showed that the
mechanical attributes (hardness, crunchiness, thicknessyweeechighly correlated with the
El than chemical attributes (sweetness, juiciness, agidityerefore, the EI measured in the
present study strongly reflected the mechanical property of p8areetness and acidity are
presumed to have no direct correlation with the elastioitex. However, high correlation
between these indices indicated that sweetness and aoagased along with the degree of
firmness.

A significant decline in Tl was observed for the first gixeight days in the frequency
band up to 12 800 Hz, which corresponds to the first decline etdglepresented in Fig. 5.
High correlations were obtained in frequency bands up to 1H&8Q®ig. 7). “Crunchiness”
showed higher correlation than “hardness” or ElI with Tl ie thigh-frequency region
(2240-12800 HzP < 0.001). On the other hand, no significant difference wagsirmtveen
crunchiness and hardness in the low frequency region (0-224® #@,052). This suggests
that the difference between the attributes “hardness” angn¢hiness” might be partly

characterized by the frequency difference in the acoustiations measured using our texture

11
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measurement device.

5. Conclusions

We used a previously developed nondestructive method using a vibréicmaue and

a texture measurement device that used an acoustic vibnag¢ithrod together with a sensory

test to investigate the change in the physical propetipears during the ripening stage. The

results suggest that our EI method is useful for consumers antud®@s to estimate the

optimum eating ripeness of pears. Time-course changes irxtheetef pears were measured.

Our results suggest that the difference between the ¢eattributes i€xplainablen part by

the frequency bands.
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Figure captions

Fig. 1: Preparation of the pear samples for sensory test¢eande measurements. Each

sample was sliced along the equatorial plane. A half of ltbe was used for the texture

measurement; the remainder was used for the sensory testof®represent the points where

the texture measurement device probe was inserted.

Fig. 2: (a) Experimental setup for the nondestructive measuremirt elasticity index of the

pear samples. A sample was excited mechanically ushgker that was driven by swept sine

wave signals. The response at the opposite side of excitedi®isensed using a laser Doppler

vibrometer (LDV). (b) A typical response spectrum of a saanplef,, the second resonance

peak that was used for determining the elasticity index.

Fig. 3: (a) A schematic of the texture measurement deriggobe was inserted into a pear

sample. Then the vibrations produced during penetration weredsasisg) a piezoelectric

sensor. (b) A typical texture signal of a pear sample.

Fig. 4. Changes in the various items of the sensory test mfdgear samples. Data show the

averaged sensory test index evaluated by two paneliatstd and Tohro).

18
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Fig. 5: Time-course changes in the (a) averaged elasti@x (EI) and (b) that of three

individual samples determined by the method presented ir2Fihe bars represent the SE.

The numbers along the curve represent the quantity of samphkkfonseach measurement.

Fig. 6: The time-course changes in the averaged texture (exf pears. The bars represent

the SE @ = 27).

Fig. 7: The correlations between the texture index (TI)taagensory test index or Bl £ 24,

P< 0.01).

Fig. 8: The correlations between the sensory test index odlbaeceptability and the elasticity

index (EI) = 24,P < 0.01). Dotted lines are for determining the EI that apweds to the

period of optimum eating ripeness.
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Table-1

Table 1
The coefficient of correlation () between the sensory test index of various attributes

and the elasticity index (EI).

Hardness Crunchimess  Sweetness Thickness Juiciness Acidity

0.874 0.836 0.861 0.767 0.772 0.793

n=24,P<0.01.





