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Discrimination of brownheart of Korla pear using vibration

frequency spectrum technique

Xu Hubo, Wu Jie®, Wang Zhaopeng, Gao Yongmao, Wang Zhipeng,
Zhao Zhenggiang

(College of Mechanical and Electrical Engineering, Shihezi University, Shihezi 832003, Xinjiang, China)

Abstract: The purpose of this work was to use a nondestructive method for detecting the brownheart of Korla pear to reduce
the chance of infection among pears without brownheart. A mechanical impulse method based on vibration testing system
was used to excite the fruits. The consistent acquisition signal indicated that the test is repeatable at the same positions of fruit

equator (cheek). A remarkable frequency signal was excited at 9-12 N force by a rubber tipped hammer. The dominant
frequency was identified at the maximum response magnitude to assess the internal defect, and the result was not influenced by
the distances between the defect borders and the excitation points. The sharp increase of defect mass could significantly affect
the dominant frequency. Relationship between the dominant response frequency (fy) and the defect mass percentage (w) was
characterized by an equation f3=410.649¢*%**“+261.947 with a good correlation coefficient (R>=0.925). A defect mass of
2.281% was determined as a discrimination threshold. Once the threshold exceeded 2.281%, the defective pear could be
classified with a high accuracy rate of 96.7%. This finding would provide guidance for determining the optimal detecting time

to the brownheart of Korla pears, according to the specific storage conditions when the vibration frequency spectrum method is

deployed.
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1 Introduction

Korla pear (Pyrus bretschneideri rehd) is a native

fruit in Xinjiang Autonomous Region of China. It is
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distinctive for its aroma, rich juicy flesh and crisp texture.
However, brownheart is an internal defect frequently
occurred in Korla pears, which is associated with late
harvest, infection of latent bacteria, calcium deficiency,
climatic change, high CO, concentration, and rapid
change of environment temperature from high to low
during storage!'’. The symptoms of this defect include
unsightly flesh browning around the core, and cavities in
affected flesh where browning extends into the cortex.
Because of absence of external symptoms signaling the
presence of the disorder, it is difficult to be identified at
the initial or middle stage. When the brownheart
becomes severe, a number of pears without brownheart
are infected by the rotted pear, resulting in whole batch of
pear rejection. Consequently, there is an increasing
demand to develop a rapid, reliable and nondestructive

method for detecting such defective pear.
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Over the last few decades, some nondestructive
methods have been reported for internal defects detection
of fruits and vegetables. Some attempts focused on using
visible-near infrared spectroscopy to detect internal

defects in fruits!*®),

Despite the satisfactory results they
showed, Fu et al.” pointed out that this method could not
completely meet the high demands on sensitivity and
dynamic range of the detecting elements for industry
requires getting enough light to transmit through a fruit in
a short time.  As nondestructive techniques, both nuclear
resonance (NMR) and X-ray
tomography (X-CT) are being widely used in the areas of

The NMR method was used to detect
[10-13]

magnetic computed

disease diagnosis.

the apple defects and internal disorders of

[14]

potatoes Similarly, X-CT method also was reported

on identification of the internal defects of some fruits and

[15,16] (17

vegetables such as apple , onions''”!, chestnut and

pineapple!®.  However, the cost-effectiveness of these
two methods still needs to be assessed, improved and
accepted by the industries.

It is worth noting that a mechanical or sonic impulse
method based on fruit response to forced vibration has
advantages in firmness evaluation. A few years ago, it
was also reported on some commercial fruit firmness

[19,20] 21]

testers Results from a study of Chen et al.!

showed that the defective tissue around the core or
cavities in flesh resulted in decrease of fruit firmness, and

the changes of frequency response spectrum.

Considering this, a number of researchers have focused

on the use of vibration response to detect the brownheart

231 empty hazelnuts®, hollows of

) and hollow heart of potato tubers!?*?*.

of pear and apple[2
watermelon®>?’
However, there is still a problem in distinguishing slight
brownheart in pears with the vibration response technique.
In practice, all fruit producer, processors and packers
expect to inspect brownheart pear as early as possible in
order to reduce the chance of infect for pears without
brownheart.

Therefore, the objectives of this research were to: (1)
analyze the vibration spectrum response of Korla pear; (2)
correlate the internal defect extent to the vibration
spectrum parameter and (3) determine the defect

discrimination threshold of Korla pears.

2 Materials and methods

2.1 Raw samples

Fresh Korla pears were hand-harvested on 20
September 2013 from an orchard in Korla city, Xinjiang
Autonomous Region, China. Pears were selected for
uniformity, and absence of damage. They were then
stored at —2°C-0°C and 85%-95% relative humidity (RH)
until use. Consistent properties of pear were ensured to
eliminate the effects on vibration response (in Table 1).

Table 1 Material properties of Korla pear samples

a Firmness with Soluble Moisture content
Mass/g H/D skin/kg solids/°Brix (wet base)/%
110£2.50  1.20+0.03 3.83+0.18 11.38+0.14 87.82+0.55

Note: * Maximum height to diameter ratio representing pear shape.
2.2 Preparation of internal defective sample

In preliminary test, the pear tissue infected by
penicillium more closed resembled the watery lesion
symptom of brownheart. Also, penicillium can easily
and effectively control the defect extent. Therefore, a
penicillin strain was used to simulate pear brownheart in
this study based on the method of Su et al.”??. It was
isolated from the moldy tissue of Korla pear under natural
condition and cultured 7-14 d on PDA (potato 200 g,
sucrose 20 g, aseptic water 1000 mL, pH natural) slant at
25°C. Then the spore was scraped into aseptic water
with 0.05% Tween 80 aiming to make the spore suspend
A haemacytometer (XB-4-25, Medical

equipment factory of shanghai medical instruments Co.,

uniformly.

Ltd., Shanghai, China) was used to count the number of
spore by observation with an optical microscope (CX22,
Olympus, Tokyo, Japan) for adjustment of
high-concentration to 2.0x10'" spore/mL.

The 200 ul. spore suspension (concentration of
2.0x10" spore/mL) was injected into the core of sample
through calyx with a 100 uL micro-injector (Gaoge
Industrial and Trading Co. Ltd., Shanghai, China).
Before injection, the sample peel was disinfected by 75%
alcohol for 30 s. The whole procedure was completed
on a super-clean worktable (BHC-13001IA2, Aertai
Ltd., China).
Finally, they were stored in an environment box
(HF-8001, Suzhou Ligao Testing Equipment Co. Ltd.,
Shanghai, China) at 25°C and 80% RH for development

of internal disorder.

Laboratory Equipment Co. Beijing,
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2.3 Vibration testing
2.3.1 Setup for testing and experimental conditions

The vibration testing apparatus is shown in Figure 1.
Pear was suspended by a rubber band to allow free
vibration. A mechanical impulse hammer model
LC0408T with a micro-piezoelectric quartz force sensor
model LC0505 (Lance Technologies LLC, Qinhuangdao,
China) was wused to excite the samples. A
micro-piezoelectric accelerometer sensor (LC1305, Lance
Technologies LLC, Qinhuangdao, China) adhered on the
surface of pear equator received analog signal. The
signal was amplified by a DLF-8 charge amplifier (Orient
Institute of Noise & Vibration, Beijing, China) and then
transformed into digitals by an INV306U-5160 signal
processor (Orient Institute of Noise & Vibration, Beijing,
China). The Coinv DASP software (V10 engineering
edition, Orient Institute of Noise & Vibration, Beijing,
China) was used to control the data acquisition process and
transform the response from time domain to frequency

domain by means of fast Fourier transform (FFT).

Signal processor

During the process of digital signal acquisition, the
analytic frequency was set at 2.5 kHz. The sampling
frequency was set at 6.4 kHz with 2048 sampling points
per 0.32 s for each process. During the test, the
frequency resolution (4f") was set at 6.25 Hz considering
of both the acquisition range and the process accuracy of
vibration signal for pear. The digital signal was
weighed with exponential window function for its higher

301 " The waveform in time domain

signal-to-noise ratio
signal at the largest total effective value was searched
using average mode as maximum keeping for spectrum
analysis. The overlapping coefficient was set at 127/128
to get a better result. A typical acquisition signal in the
time domain and its transformation to the frequency
domain of Korla pears were demonstrated in Figure 2.
Among the resonant frequencies, the first resonant
frequency (response magnitude is the greatest) was
defined as the dominant frequency of pear. It was
extracted from all the signals to assess internal quality of

fruit.
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Figure 2 Typical signal of Korla pear

2.3.2  Location, tip material and force for excitation
Before testing, all the pears were placed at room
temperature for 24 h to equilibrate to experiment

environment. Firstly, the accuracy and repeatability of

the measurement system was tested. Because the equator
(cheek) of pear is easily excited and detected, the tests
were repeated 5 times at the same location on this region

with single-point excitation and detection. According to
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the sizes of pear and hammer tip, there were 7 points
along the cheek in longitudinal direction and 10 points
around the equator circle, which were equally distributed
(Figure 3).

samples were cut at the equator.

After impulsive excitation, the defective
As shown in Figure 4,
distances from the border of defective tissue to the
excitation points were measured by a radial line passed
through the center of cutting plane, aiming to analyze
whether the distances between different excitation
locations and the border of disease tissue have influence
on the vibration response. Meanwhile, the effects of tip
material and excitation force on frequency response were
tested. The hammer with rubber, steel, aluminum and
nylon tips were used to excite fruit vibrations, and five

forces 3 N, 6 N, 9 N, 12 N, 15 N) that would not cause

pear damage were impacted.

Excitation ;

points %

Sensing
point

Figure 3 Locations of hammer to excite vibration signal of

Korla pear

Detected point

Figure 4 Different distances from the border of disease tissue to
the excitation points (mm)
2.3.3 Control experiment conducted on the defective
pears
After the completion of above tests and data analysis,
200 pears were divided into treatment group (n=100) and
control group (n=100) randomly. The control group was

samples without defect and another group was treated

with spore suspension injection as described in Section
2.2. Both 10 pears without defect and 10 defective pears
were randomly chosen and conducted the vibration
testing at 12 hour interval. Each sample was tested three
times to calculate the average values. After the testing,
the disease samples were cut to observe the defect extent.
The defective tissue was then completely taken out by a
scalpel and weighed using an electronic balance
(HK-TC-320AB, HUAKE Electronic Instrument Co. Ltd.,
Taiwan). The defect mass percentage of sample was

calculated to assess internal defect extent of pear.
3 Results and discussion

3.1 Consistency analysis of the vibration spectrum
response

Figure 5 shows that the frequency spectrum curves
presented a good consistency at the same detection point
on the equator region. This consistency also can be seen
from the curves obtained by exciting different points at

the equator of pear (Figure 6).
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Figure 5 Fruit response to different excitation points. An offset of

0.1 relative amplitude units was added to make each signal visible
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Figure 6  Fruit response to repeated excitation at the same point
Although small variations of the dominant frequency
were detected, they were within the limit of frequency
resolution (£6.25 Hz).

excitation points at the equator of the pear had little

This result indicates that the

influence on frequency spectrum, which was in agreement
hB'=4 Additionally,

Figure 5b also showed that the frequency spectrum

with the findings on pears and peac

response presented no differences at any distance from the
excitation point to the defective border. However, this
finding does not agree with the microphone received

response for apple vibration®".

Thus, the consistency
analysis confirmed that the vibration test was repeatable
and the consistent readings could be obtained within a
limited range of pear position.
3.2. Comparisons of response to different tip
materials and excitation forces

Figures 7 and 8 present the response curves to
different excitation materials and forces, respectively.
Apparently, the location of the dominant frequency was
the same for all hammers and excitation forces.
However, the hammer with nylon or aluminum tip
excited very low amplitude, which may cause difficulties
in the signal analysis. Although both rubber tipped and
steel tipped hammer could excited higher amplitude than
the hammer with nylon and aluminum tip, the rubber
tipped hammer excited high frequencies more effectively
Meanwhile, the hard

steel-tipped hammer would easily damage the flesh of

than the steel tipped hammer.
fruits. Similarly, when the excitation forces of 3 N and
6 N were applied, the signals were weak and the
approximate amplitude for all resonant frequencies was
observed in spectrum response. Comparatively, the

force ranged from 9 N to 15 N excited the dominant

frequency well in most cases. As fast identification of
resonant frequency is important for online applications,
so the hammer with rubber tip and the forces of 9-15 N

were selected for the rest of the study.
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Figure 7 Fruit response to excitation by a hammer with

different tip materials
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Figure 8 Fruit response to different excitation forces
3.3. Correlation of internal disease progression with
vibration spectrum response
Figure 9 shows the regression line and the plot of the
With the

storage time increased, the dominant frequency decreased

dominant frequency f; versus storage time .

linearly for pear without defect (R°=0.709) whereas it
showed an exponential decrease for defective pear
(R’=0.925). These changing tendencies are consistent

2] for apples. The

with the result found by Su et al.
general forms are expressed by the following equations,
respectively:
fi=-1.244t+68.675 (1)
f1=-367.852¢""% 1 1076.427 )
Because the internal defective tissue rapidly
deteriorated into watery symptom, the whole fruit
firmness sharply decreased. Consequently, there
occurred a faster decrease in the dominant frequency for

defective pears, making it possible for the vibration
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spectrum technique to identify defective pears from pears without defect.
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Figure 9 Dominant frequency changes with storage time at 25°C and 80% RH for defective/normal pears
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Actually, the internal defect progression of pear is
influenced by external conditions such as temperature,
humidity, pear respiration intensity, CO, concentration,
etc. Therefore, the storage time can not objectively and
exactly evaluate the extent of defect. Considering this, the
defect mass percentage w of pear was introduced as an
objective measurement.  Then, a good exponential
relationship between dominant frequency and defect mass
percentage was obtained with a high correlation
(R*=0.951) by the following equation (Figure 10):

f1=410.649¢"%5 +261.947 (3)

800

fi=410.649¢ "= +261.947
R=0.951

700
600
500

400 -

Dominant frequency ( f;)/Hz

0 '} L '} 1 1 L L '} L L J
0 3 6 9 12 15 18 21 24 27 30
Defect mass percentage (w)/%

Figure 10 Relationship between the dominant response frequency

and the defect mass percentage of pear
3.4. Determination of defect discrimination threshold
It can be seen from Figure 9 that there was a data
overlapping region of pears without defect and defective
pears at about 36 h of storage time. However, the
internal defect was difficult to be distinguished at this
region. After 36 h, the differences between the testing

data of two sample groups became larger. Even so, it

does not mean the disease is surely discriminated for the
limitation of the frequency resolution (4/=6.25 Hz) of the
testing system. The critical time for defecting
discrimination was obtained by the Equations (1) and (2)
at frequency 6.25 Hz. As a result, the value of 30.8 h
was got as a given storage time for preparation of the
defective pears according to the procedure described
Then, the statistical result of defect mass
percentage at 30.8 h was 1.807%-2.281% (2.044%=*
0.237%).

To validate this range, 90 samples with different
defect extent (<1.807%, 1.807%-2.281%, >2.281%) were

detected.

above.

As shown in Figure 11, the sample with
3.012% defect mass percentage at right side of the range
had a relatively higher dominant frequency than that of
While the

percentage of sample was 1.318% at left side of the range,

sample without defect. defect mass
the dominant frequency was very close to that of sample
with defect, showing a small difference in value less than
6.25 Hz (the frequency resolution). Furthermore, it also
can be found from Table 2 that there was an extremely
low discriminate rate (<12.5%) when the defect mass
percentage of samples was below 2.281%. Once
exceeding 2.281%, the rate of discrimination jumped to
96.7%.

due to the slight abnormal fruit shape.

About 3% of pears were misclassified mainly
On the other
hand, pears with <1.807% defect mass percentage were
found with 3% accuracy rate. The main reason was that

a very few samples were with small degree of firmness.
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Therefore, it can be concluded that the defect mass
percentage of 2.281% is appropriate for mechanical
impulse testing system to be used as a discrimination
threshold of Korla pear. The discrimination threshold is
defined as critical value. Only when the defect mass
percentage exceeding the limit, brownheart of fruit can be
detected. In future study, it can be applied to determine
the corresponding optimal time according to the specific

storage conditions of pear for defect detection as early as

possible.
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Figure 11 Comparisons of frequency spectrum curves of the pear

with different mass percentage defect with that of the pear without
defect

Table 2 Accuracy rate of pear with internal defect

Defect mass percentage/% <1.807 1.807-2.281 >2.281

Accuracy rate/% 3.0 12.5 96.7

4 Conclusions

A vibration testing system, including a hammer on
impulse excitation and an accelerometer on sensing signal
was applied to non-destructively detecting the brownheart
of Korla pear. The dominant frequency of the highest
peak in frequency spectrum was extracted from the signal
to assess the internal quality of pears. Frequency

analysis shows that the consistent signal could be

acquired at any positions of the equator region for pear
fruit, and exerting little influence on the signal regardless
of the distances between the excitation points and the
border of the disease tissue. The rubber tip is able to
excite a good frequency signal when a force in the range
of 9-12 N is exerted. Relationship between dominant
frequency (fy) and mass percentage (w) of the defect of
pears could be characterized by the regression equation
[i=410.649¢°%%7%1261.947, with a good correlation
coefficient of R*=0.951.

the detecting of the brownheart of Korla pear appears as

Discrimination threshold for

2.281% and the accuracy rate of the defective pears could
reach 96.7%, when the percentage of the defected mass is
above 2.281%.
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