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Fuji apple storage time rapid determination method using visible/near-infrared (Vis/NIR) spectroscopy was studied in
this paper. Vis/NIR diffuse reflection spectroscopy responses to samples were measured for 6 days. Spectroscopy data
were processed by stochastic resonance (SR). Principal component analysis (PCA) was utilized to analyze original
spectroscopy data and SNR eigen value. Results demonstrated that PCA could not totally discriminate Fuji apples using
original spectroscopy data. Signal-to-noise ratio (SNR) spectrum clearly classified all apple samples. PCA using SNR
spectrum successfully discriminated apple samples. Therefore, Vis/NIR spectroscopy was effective for Fuji apple storage
time rapid discrimination. The proposed method is also promising in condition safety control and management for
food and environmental laboratories.

Introduction

Apples possess various nutrients including vitamins, dietary
fibers, amino acids, etc.1-3 In recent years, apple has been one of
the most popular fruits among customers for its anti-oxidation,
anti-senescence, immunity strengthens, and other beneficial func-
tions.3-5 So apple has been a valuable nutrition resource in
human’s daily life. However, apple easily deteriorates after post-
harvest due to its high water content and abundant nutrients.
Living cells still conduct normal respiration metabolism by con-
suming large amount of nutrients. In addition, fungi invasion
also plays an important role in apple quality decrease.6 Therefore,
there is a great demand for a novel rapid and nondestructive
apple quality discrimination technique.

Vis/NIR spectroscopy, a fast-developed nondestructive detect-
ing technique, has been widely applied in medicine,7,8 chemis-
try9,10 and food research, such as meat,11,12 drinks,13,14

grains,15,16 fruits,17-19 etc. Jamshidi et al managed to conduct
taste characterization of Valencia oranges using reflectance Vis/
NIR spectroscopy.20 Magwaza et al applied Vis/NIRS and che-
mometric analysis to predict fruit defects and postharvest behav-
ior of ‘mules Clementine’ mandarin fruit.21 Zhang et al realized
subtle bruises identification on fresh jujube based on NIR spec-
troscopy.22 So, Vis/NIR spectroscopy technique is frequently
used in fruit quality rapid and nondestructive assessment.

In this paper, Fuji apple quality discrimination using nonde-
structive Vis/NIR spectroscopy were performed. Spectroscopy
data were recorded and processed by nonlinear SR method. PCA
method was used to analyze original spectroscopy data and SNR
eigen values. Vis/NIR spectroscopy was effective for Fuji apple
storage time rapid discrimination. The proposed method is
promising in fruit freshness rapid detection.

Results and Discussion

Eigen peaks extraction
The original Vis/NIR diffuse reflection spectroscopy to apple

samples is displayed in Figure 1. The main absorption band
ranges from 400 to 1000 nm. The highest absorbance peak
appears at about 600 nm and its absorbance reaches near 4000
counts. Eigen peaks corresponding to the wavelengths of
550 nm, 607 nm, 670 nm, 738 nm, 802 nm, and 789 nm are
taken for subsequent principal component analysis of apple sam-
ples during storage.

SNR spectrum analysis result
SNR spectrum calculated by SR as a function of noise inten-

sity is displayed in Figure 2. Each curve first rises with increase of
stimulating noise intensity and then declines to a stable value.
The initial SNR value in each curve ranges between ¡75 dB and
¡65 dB. Different valleys and peaks appear before eigen peak
formation. And each SNR curve has its eigen peak at 190 stimu-
lating noise intensity. SNR spectrum clearly discriminates Fuji
apples with different storage days. And the maximal SNR value
in each curve is taken for subsequent analysis.

PCA results
PCA results based on original spectroscopy data and SNR

eigen value are displayed in Figure 3. As it shown in Figure 3(a),
total contribution of the first 2 components is 84.99%. The
first principal component (PC1) under different storage days
presents a decreasing trend; the second principal component
(PC2) gradually declines. There are some significant overlaps,
especially from day0 to day2. So, PCA method could not
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totally discriminate Fuji apples with different storage time
just by original Vis/NIR spectroscopy data. However, the first
2 principal components include a much higher contribution
of 95.77% (see Fig. 3(b)). Components from different
storage days have no overlaps between each other. All apple
samples in different storage days could be successfully dis-
criminated. Results indicate that PCA on SR processed Vis/
NIR spectroscopy data was more effective in Fuji apple stor-
age time rapid discrimination.

In this paper, Fuji apple quality discrimination using non-
destructive Vis/NIR spectroscopy were performed. Spectros-
copy data were recorded and processed by non-linear SR
method. PCA was used to analyze original spectroscopy data
and SNR eigen values. Vis/NIR spectroscopy was effective for
Fuji apple storage time rapid discrimination.

Materials and Methods

Samples
Twenty fresh Fuji apples in the same bath with near size, ripe-

ness and color (without any pretreatments or mechanical injury)
were selected and purchased from a local supermarket in Hang-
zhou, China. After transporting to our lab within an hour, all
samples were washed with distilled water. After draining, all sam-
ples were stored at room temperature in dark place. All experi-
ments were performed under room temperature.

Vis/NIR spectroscopy system and measurement
Diagram structure of Vis/NIR spectroscopy system is dis-

played in Figure 4. The system consists of 3 main parts
including sampling device (light controller, sampling pedestal,
optical fiber and special halogen lamp), detecting device (visi-
ble/NIR spectrometer, USB 2000C, America Ocean Photol-
ogy Company), and desktop.

Figure 1. Original Vis/NIR diffuse reflection spectroscopy.

Figure 2. SNR spectrum.

Figure 3. PCA results using (a) original spectroscopy data and (b) SNR eigen value.
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In spectroscopy measurement, sample was fixed in the sam-
pling pedestal by the optical fiber with a dip angle of 75 degrees.
One end of the optical fiber was connected with the spectroscopy,
while the other end was connected with the special halogen lamp.
Sampling pool was a sealed and light-tight cube. By replacing the
sampling terminal in the sampling pool, 5 spectroscopy data
from different directions could be collected in each sample,
which eliminated errors from sampling direction differences.
Spectroscopy analysis software (SpectraSuite, American Ocean
Photology Company, America) was applied to analyze the data.
Samples were analyzed every 2 d. Five samples were randomly
taken in each test. All measurements were performed under room
temperature.

SR
SR is a typical nonlinear model and proposed by Benzi for the

explanation for Earth climate periodic changes.23-25 The sche-
matic diagram of SR is displayed in Figure 5. SR phenomenon
has 3 elements: a bistable system, a coherent input, and a noise
source,23 which can be described as

dx

dt
D ¡ dV .x/

dx
CAsin.2pftCf/C lg.MI.t//CDξ.t/ (1)

Where x is the position of the Brownian particle, t is the time, A
is periodical signal intensity, f is signal frequency. D is external
noise intensity. M and D are adjustable parameters,
I.t/DEN.t/CN.t/ denotes an EN sensor signal EN.t/ and

intrinsic noise N.t/, j.t/ is the external noise, and V .x/ is the
simplest double-well potential with the constants a and b char-
acterizing the system. Noise intensity is a parameter of SR
model. SR model is used as a data processing method in this
research.

V .x/D ¡ 1

2
ax2 C 1

4
bx4 (2)

Eq. (1) can be written as

dx

dt
D ax¡ bx3 CAsin.2pftC ’/C lg.MI.t//CDξ.t/ (3)

The minima of V .x/ are located at § xm, where
xm D .a=b/1=2. A potential barrier separates the minima with the
height given by DU D a2=4b. The barrier top is located at
xb D 0. When three elements of SR interact coherently, the
potential barrier can be reduced and the Brownian particle may
surmount the energy barrier and enter another potential well.23

The intensity of signals will increase, which makes it possible
that the weak signal can be detected from noise background.
SNR is the common quantifier for SR and it can be approxi-
mately described as23

SNRD ffiffiffi
2

p
DU

A

D

� �2

e¡DU=D: (4)

Conclusions

In this paper, Fuji apple storage time rapid determination
method using Vis/NIR spectroscopy was proposed. Vis/NIR
spectroscopy responses to Fuji apples were examined during
6 days’ storage. Spectroscopy data were processed by SR tech-
nique. And PCA method was used to analyze original spec-
troscopy data and SNR eigen values. The results
demonstrated that PCA method could not totally discrimi-
nate Fuji apples with different storage time just via original
Vis/NIR spectroscopy. However, SNR spectrum calculated by
SR showed different maximal values under the same noise
intensity. PCA successfully discriminated all samples using
SNR maximal values. This method was effective for Fuji

apple storage time rapid discrimina-
tion. It presents some advantages
including non-destructive, rapid
response, high accuracy, etc., and is
also promising in condition safety
control and management for food
and environmental laboratories.

Disclosure of Potential Conflicts of Interest

No potential conflicts of interest
were disclosed.Figure 5. Schematic of SR analysis procedure.

Figure 4. Diagram structure of Visible/NIR spectroscopy system.
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