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ABSTRACT

Prediction for ripenessof apple had animportant significanceto determine
the optimum harvest time and the accurate classification of apple. Soluble
solids content (SSC) and firmness, as important internal physical and
chemical indicators of apple, were important parameters of the evaluation
of the ripeness degree of apple. Since Near infrared spectral analysis
technology was afast and non-destructive method to determinethe internal
quality of apple, different pretreatment methods and modeling methods
were studied in this paper, and the best combined method was chosen as
the modeling method of SSC and firmness. The result showed partial least
squares (PLS) was the best modeling methods both to SSC and firmness.
The modeling correlation coefficient, calibration standard deviation, the
prediction correlation coefficient and predicted standard deviation of SSC
were: 0.9093, 0.6145, 0.9622 and 0.4104, respectively. The modeling
correlation coefficient, calibration standard deviation, the prediction
correlation coefficient and predicted standard deviation of firmness were:
0.8463, 0.3825, 0.8268 and 0.2919, respectively. Theripenessdegree could
be evaluated by SSC and firmness which was detected by NIR spectral
analysis. At last, the evaluation software for the ripeness of apple which
was based on matlab GUI was designed.
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INTRODUCTION

Withtheimprovement of people’slives, therequire-
mentson fruit quality are alsoincreasing. When con-
sumersareinthepurchaseof fruit, arenot only satisfied
with thesize, color, shape and other appearance quali-
ties, but tasteand nutrition of fruit istheir ultimategoal .
Theripenessof thefruitisthemainfactor to determine

theinterna quality of fruit, and directly determinesits
taste and acceptability of consumers’ demands. Only
when theripenessof fruit isunderstood do famer can
pick fruit selectively and consumers can choose fruit
what tastethey want. Thereforeit isconsiderableim-
portant to detect and control the ripeness degree of
fruit.

Traditional testing for theripenessof fruit makes
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useof sugar content instrument, firmnessinstrument to
detect theinterna qualitieswhich arerelated to ripe-
ness-indicatorsof fruit. Thesetestsaredestructive de-
tection method, and it isnot only destroysfruit tissuein
the detection process, but dso can’t detect alargenum-
ber of fruit oneby one, whichisnot suitablefor modern
fruit production. Near infrared spectroscopy (NIR) is
anondestructivetesting technol ogy which usesthe op-
tical characteristicsof fruit. Currently, many scholars,
engaged intheresearch onripenessand nondestructive
testingfor theinternal qudity of fruit, use near-infrared
spectroscopy asthe best method.

This paper explored therel ationship between spec-
traof appleandtheir interna quaities-SSC and firm-
ness based on near-infrared spectroscopy technol ogy,
and established the predi ction mode sof SSC and firm-
ness. SSC va uesand firmnessva ues obtained by near-
infrared spectroscopy were used to evauatetheripe-
nessdegree of apple.

MATERIALSAND METHODS

Experimental materials

Red fuji Applesastheexperimental sampleswere
procured fromthelocal fruit market. Therewasno ob-
viousexternal defect on the surface of applesand the
color wasuniform. Every applewasmarked beforethe
experiment, and then be placed in thelaboratory for 12
hoursto makethetemperature of applecons stent with
theenvironment temperature.

Near-infrared spectroscopy analysis

Spectraof applewereacquired by the MATRIX-
1 type Fourier transform infrared spectrograph, the
range of wavel ength was 120000~4000cn?, the num-
ber of thesampling pointswas 1037, and 16 timesscans
wereaveraged. Four pointsof every samplewhichwere
equidistant and near the equator were selected to be
measured, as much as possible to avoid the obvious
surface defects, and the average spectrum of thefour
pointsasthefina spectrum of thesample. Theorigina
spectraof al sasmpleswereshowedinFigure 1.

SSC and firmnessanalysis

SSC of applewas measured by PAL-1digital re-
fractometer, the 4 point measured by spectrograph of

each applewere picked asthe measurement positions,
the unit was % Brix, and the average value of thefour
resultswastaken asthefind vaueof thesample. Firm-
nesswasmeasured by GY-1 fruit firmnessinstrument.
Firstly, the peel of the measurement position wasre-
moved, and thentheinstrument wasinserted to the pulp
uniformly with thedepth of 10mm, the unit wasN/cm?,
smilarly theaveragevaueof thefour resultswastaken
asthefina vaueof thesample.

orginal spetral data
1.6 -

14

-
P2

—

absorbance

=
o0

10000 8000 000

wave number/crn-1
Figurel: Original spectra of apples

Data processing: Spectra datawas processed by
using matlab software. Theorigind reflectance spectra
were processed with filtering, smoothing and correction
process ng by matlab, to remove noi seand enhancethe
effective of thespectral information. The pretrestment
methodsincluded Savitzky-Golay smoothing convol u-
tion (SG), gpectrd differentiation, additiona scatter cor-
rection (M SC) and so on. Spectraobtainedinthisex-
periment wererecorded of the absorbanceat eechwave-
length: log /R, Ristheratio of reflected light intensity
andincident light intengity. Prediction modd washbuilt by
linear regresson, multiplelinear regressonand partid least
sguares method which were commonly used asmodel -
ing algorithm, and standard deviation and correlation
coefficent werethemainindicatorsto eval ustetheaccu-
racy of themodel. To eliminate the abnormal samples
beforetheestablishment of themodel, Chauvenet crite-
rion was chosen asthe method of removing the abnor-
mal samples. In accordance with the content gradient
method, the samplesweredivided into 30 modeling set
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and 9 prediction set. The stati stics of modeling set and
prediction set wasshownin TABLE 1.

TABLE 1: Satistics of modeling set and prediction set of
apples

index num max min mean SD
modeling 30 1700 1110 1420 149
SSsC set
Prediction set 9 16.40 1250 1428 1.35
modeling set 30 8.00 5.24 6.91 0.70
firm-ness o
prediction set 9 7.82 6.99 727 030

(SD: standard deviation)
RESULTSAND DISCUSSION

Effect of pretreatment methodson themodels

Different pretreatment methodshad agreat impact
on building and predictive ability of model, and their

resultswered so different. Thereforechoosing thebest
pretrestment method wasvery important before build-
ing themode . This paper compared severd pretreat-
ment methods and their combinationsonthemodelsin
TABLE 2and TABLE 3. Accordingto variousindica-
torsevauating themodd s, it wasfound that the result
of SSC modeling was best with MSC pretreatment
method. But theoverdl resultsof firmnesswereworse
than SSC, and it wasfound that theresult of firmness
modeling was best without any pretreatment. So it
showed that the spectracan bepretreated to eliminate
some of the unwanted spectra information, but it also
could amplify some noise, reduce the effectiveness of
the spectrainformation, and maketheresultsof modd-
ing with pretreatment worse than the modeling based
onoriginal spectra. Theresultsof different pretreat-
ment methodsonthemodel of SSC and firmnesswere
showninTABLE 2and TABLE 3, respectively.

TABLE 2: Result of different pretreatment methodson themodel of SSC of apples

. calibration set validation set
pretreatment method main factor of PLS
Rc RMSEC Rp RM SEP
none (orginal spectra) 8 0.9631 0.3972 0.9591 0.4702
MSC 6 0.9093 0.6145 0.9622 0.4104
SG 6 0.8587 0.7571 0.8934 0.4104
first order differential 4 0.9690 0.3640 0.8720 0.6952
first order differential +SG 5 0.9797 0.2958 0.8995 0.6525
MSC+ first order differential +SG 2 0.8398 0.8019 0.8445 1.2834
second order differential 4 0.9961 0.1303 0.5532 1.1077
second order differential +SG 5 0.9900 0.3083 0.4102 1.2418
M SC+ second order differential +SG 2 0.7312 1.0078 0.3303 1.2834
MSC +SG 6 0.9039 0.6318 0.9608 0.4680

(Rc: correlation coefficient of Calibration set, RMSEC:The standard deviation of Calibration set, Rp: correlation coefficient of

Validation set, RM SEP: The standard deviation of Validation set)

TABLE 3: Result of different pretreatment methodson themodel of firmnessof apples

. calibration set validation set
pretreatment method Main Factor of PLS Re RMSEC Rp RMSEP
none (orgina spectra) 2 0.8463 0.3825 0.8268 0.2919
MSC 2 0.8073 0.4237 0.7666 0.3208
SG 2 0.8458 0.3830 0.8249 0.2938
first order differential 5 0.9956 0.0671 0.7449 0.3080
first order differential +SG 2 0.8323 0.3986 0.7155 0.3302
MSC+ first order differential +SG 4 0.9725 0.1671 0.6921 0.3551
second order differential 2 0.9077 0.3830 0.7676 0.2938
second order differential +SG 5 0.9930 0.0849 0.7464 0.3701
MSC+ second order differential +SG 4 0.9921 0.0900 0.7571 0.2927
MSC +SG 2 0.8075 0.4235 0.7684 0.3216
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Themode of SSC

It wasfound that theresult of SSC model was best
with M SC pretrestment method. Theresult of SSCwas
asfollows: the correlation coefficient of themodeling
set was R=0.9093, the standard deviation was
RM SEC=0.6145, the correl ation coefficient of thepre-
diction set wasRp=0.9622, the standard deviationwas
RMSEP=0.4104. NIR wasfeasibleto predict SSC of
apple. Therelationship between measured vauesand
predicted values of calibration set and prediction set
wasshownin Figure2 and Figure 3, respectively.
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Themodd of firmness

Themode of firmnesswasbuilt by usng different
methods, includingsmplelinear regresson, multiplelin-
ear regression and partid least squares (PLS). Corre-
lation coefficient method was sel ected to determine the

wave ength point when usng modeingmethod of Smple
linear regressonand multiplelinear regresson. There-
sultswereshownin TABLE 4.

TABLE 4: Resultsof different modeling methodson firm-
ness

clibration set vlidation set
modeling method
Rc RMSEC Rp RMSEP
simple linear regression 0.8574 0.3695 0.8073  0.3238
multiple linear regression  0.8718 0.3518 0.7874 0.3676
PLS 0.8463 0.3825 0.8268  0.2919

Asseenfrom TABLE 4, theresultsof PLSmodd -
ing method were superior to the other two. Therela-
tionship between measured val ues and predicted val -
uesof caibration set and prediction set basedon PLS
modeing method was shown in Figure4 and Figure5,
respectively.
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predictad  value MWlend

8
L 75 * e
< 7 *
»
:
— 8BS
2
5 »
= &
6 6.5 7 75 8

T2 3
measured value N/cm®

Figure5: Thereationship of measured and predicted value
of validation set of firmness
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Ripenessdegree of apples: After getting thevalue
of SSC andfirmnessof gpple, through thenational stan-
dard GB / T 10651-2008 “Apples’, physical and
chemical indicators of maturity requirements(firmness
>7kgf/cm?, soluble solids > 13%), marked the apple
reaching maturity 1, and immature 0. The comparison
result of predictivematurity and measured maturity was
shownin TABLEDS5, and the percentageof correct clas-
sification for theripenessdegree of applewas 74%.

TABLE5: Classification of ripenessdegreeof apples

Measured Predicted Measured Predicted
maturity maturity " _maturity maturity

1 0 0 21 1 1
2 0 0 22 1 1
3 1 1 23 1 0
4 0 0 24 0 0
5 1 0 25 0 0
6 1 0 26 0 0
7 1 0 27 1 1
8 1 1 28 0 0
9 0 1 29 1 1
10 1 1 30 0 0
11 1 1 31 0 0
12 0 0 32 1 0
13 0 0 33 0 0
14 1 1 35 0 0
15 0 0 35 1 1
16 1 0 36 1 0
17 1 0 37 1 0
18 0 0 38 1 1
19 0 0 39 1 1
20 1 1

Appleripeness software: Appleripeness software
included two parts. spectrd datapreprocessingand pre-
diction for appleripeness. The screen of the software
wasdesigned by matlab GUI. Therewerethreescreens:
one main screen and two minor screens. The software
could read thefile of spectra data, display thegraph of
Spectra, preprocess spectra data, storagethedataand
predict theva ue of SSC, firmnessand ripenessdegree

of apple.

CONCLUSION

Althoughtheresult of mode of firmnesswasworse

than SSC, there was some human error when using
instrument resulting in somedeviationsof thedata, the
resultsal so showed that NIR spectra analysswasfea
sibleto predict SSC and firmness. Becausethe predic-
tionfor theripeness of apple depended on the predic-
tionfor SSC and firmnessof apple, toimprovetheclas-
sification accuracy of ripenessdegreeof apple, it was
necessary toimprovetheaccuracy of themode of SSC
and firmness. Inthisstudy, thesingle experimentd ma
terial lead tothemodel of narrow applicability, soitis
necessary to increasethe appletypeto expand the ap-
plication scopeof themodel; Sincethelimited number
of samples, thenumber can beincreasedinthefuture,
and constantly improvethemode ’srdliability; Thede-
sgnof themodding methodislimited, inthefuturemore
modeling methods could be studied toimprovetheac-
curacy of themodel.
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