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Non Destructive Prediction of Ripe-Stage Quality of Mango Fruit Cv
'Gedong Gillen' Stored in Low Temperature by NIR Spectroscopy

Yoh~ll1es Aris Punv<lnto lJ Putri Wuland:.1ri Z<lillalJ Sutrisno· 5111:111 Ahmadi Yoshio
Mukino~ Sciichi Oshita~ Yoshinori Kawagoe5 and Shinichi Kuroki6

IDepartment of Mechanicaland Biosystel1l Engineering, Bogor Agricultural University
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JFacully of Agro-industrial Technology. Dharma Andalas University
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Abstract

This study demonstrates the use NIR spectroscopy to prediL't the internal qualit~

parameter in mango fruil non destructivcl~. Soluble solids coment (SSC). pH and firmness of
mango fruits cv:Gedong Gincu') \\ere examined by NIR reflectance tolind out factors 10 be
considered in online detection. The wnvelength range of 1000-2400 11m was selected and
data pre-processing was used 10 enhance th~ precision of calibration models based all partial
least square (PLS).The coefficient of correlation (r) of SSe. pH and firmness were 0.756.
0.94 and 0.89. and the stnndard error of prediction (SEP) \\'ere2.10~oBrix. 0.157 and 0.63 kgf.
respectively. It is concluded that by using the NIR measurement system. in the appropriale
spectral range. it is possible to nondestructively predict the ripe-slage quality of mango ft'uit
i.e. SSe. pi I and firmness.

Ke.nrords: fl/al1Ko jmif, NiR specfl"OsC'Opy. inremal qualify. l1ondesfrucfil'e predicfion. ripe
s/age qlfalify

Introduction

Gcdong Gincu is one of the exotic cultivar mango fruit (.Hcmgl{em hu!ica L.) in
Indoncsia due to ils sweet laSle. medium siL.e and beauly orange color. Mango tj'uit an;'
usually harvested at the hard green stage (unripe) \\hen they are physiologically mature but
before the onset of (he climacteric rise (Lakshminarayana el al.. 1970). Mature hard green
mango fruit auain a superior eating quality \\ hen ripe \\ hile immature ones do not (MedlicoH
et aI., 1988). After harvesting, the hard green mango fruits nre usually directly rransponed 10
market. in order to delay the ripening process during long-distance transportation. hard green
mango fruits are stored at low temperaHlre condition. Monitoring of quality parametcr during
this hi'lndling step \\ill be very imponanl.

Prediction of ripe·stage quality are usually done by monitoring an external and
measuring an internal qualities. Various scientists have cOllsidcl'ed maturity qualities frolll
dilTerent perspectives (Peacock. eta!.. 1986). Soluble solid content (SSe). pH (acidity) and
firmness are the internal quality indices tor mango fruits. Thc methods (0 measure these
inlernal qualities are still dcstl"lIcti\e. Therefore. it is essemial to develop elTicienl and nOll

destructive methods for measuring these internal attributes of mango fruit. N~ar infrarr.:d
(NIR) spectroscopy is a last. eas~Ho·use and non-destructive analytical technique (Day and
Fearn. 1981).l':IR spectroscopy has decisive advantages compared [0 traditional methods.
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whereby it 3nalyse sample rapidly (a fc\\ seconds per sample) and no need sample
preparation (Pissard et al .. 2012: Saleh eta!" 2012). In addition. it is a chemical·free: (limited
to the I"eagents required lor reference analyses and no waste is produced (Pissard et al.. 2012;
Van el aI., 2009).and can be carried out on-line(Saleh eta!" 2012).

The lise of NJR spectroscopy 10 measure internal qualil) attributes of fruits produce
has been investigated extensively during the last decade. Use ofN1R spectroscopy in fruit is
receiving extensive research efTorl. and commercial applications are in the earl) stage of
implement8lion(Abbolt el al .. 1997: Armstrong. 1000), The abilit) 10 rapidl~ 'scan' fruil on
line, and then son it. means that if a given characteristic can be accuratel) measured. fruit can
be segregated inlO distinct classes and either handled or marketed In a different manner.

The variety of sHldied fi'uit is large. ranging from apple (Clark et al.. 1003: McGlone
et al.. 2005: Alamar et al.. 2007), kiwi fhlit (Moghimi et al.. 2010). citrus (Kim et al.. 2004).
mango (S,II'anwong er al.. 2003). mandarin (Guthrie et al.. 2005: Gomez et al.. 2006), peach
(Carlomagno. et al.. 2004) and pear (Han et aI., 2006). 1\11orc applications and recent
developments have been reviewed (Nicolai. 2007). Previous studies havcsho\\n thai f'\[R has
the capability to cvaluatt: soluble solids contt:nt (SSC) in ript: mango fruit (cv:Caraboa')
(Saranwong et ill.. 2001. 2003). The objeclive oflhis stud) \\as to develop calibration model
and prediction orthe intcrnal quality parameter I.e. Soluble solid contcnt. pH and firmness in
mango fruit cv. Gedong Gincu during low temperature condition using NIR spectroscop~.

Materials and methods

Sa III pic Prep.l nlt iOIl

The 153 mango fruits cv. Gedong Gincu uSt'd in this stlld~ \\ere randoml~ divided
into t\\O groups of samples: the first group \\as llsed [0 de\elop the calibration models (103
samples) and Ihe other for predicting qualil) and model validation purposes (50
samples).AlIsampleshadbeen harvested fi-om the samc fanner orchad during oneday at
commercial maturity or at the level maturity of 80-85 pcrcent.Samplcs of mango fi'uits were
stored at tcmperature of 13°C. This was a simulation condition for long distance
tnlllsponation for mango fhlits. Measurement was carried alit evel'Y 2 day5 during pel'iod
storage of 22 days. After acquisitionofspectra. SSC was measured lIsing digital
Refractrometer. pH was menslired using digital pll meter (0-2-1. HORIBA) and firmness \\as
measured using Rheometer model CR-300.

NIR Spectrn Collecting

Spectra of mango fruits \\we collected in the range of 1000-2-100 nm \\Ith an
incremem of 5 I1Il1 using 1\11 RFlex t\ -500 (Blichi Labortechnik AG. Flawil. S\\ itzcrland) at,
roolll temperature 01'25 C. Spectra data were collected by measuring the diffllse reflectance
ofsampJes. Operation ortlle instrument and data collection ofNIR spectra were conducted
by llsing N1RWare 1.2 softw(lre (Blichi Lab0l1cchnik AG, Flawil. Switzerland).Chcmometric
anal)siswas conducted by using NIRCal 5.2 sofh\are (BUehi Labortechnik AG. Flawil.
Switzerland).

A large amount of spectral dalais usually obtained from NIR inslrument sand )idd
suseful analytical information (Blanco and Vil1arroya. 2002: Osborne et al.. 1993). Ho\\-ever.
the data acquired from NIR spectrometer contains background information and noise besides
sample inforlllHtion. In order to obtain reliable. accurate and stable calibration Illodels. it
isnecessary topl'c-process spectral data before lTIodeling(Cen Hnd He. 2007). Spectral pre
pl'occssing techniques arc required 10 remove anyir I'clcvant information induding noise.

020 - :2
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uncertamtles. variability. interaction sand unrecognized fcmures.Dcrcrmining of pre
treatment method 10 develop cl11ibration model NIR depends on material type and CQnlelH to
be predicted (Mouazcn ct al.. 2005).

C:llibratioll model

Calibration model was established using PLS algorilhm.Slalistical parameters lIsed 10

c\aluate [he dc\eloped N1R calibration modclwcrc:

1) Bias. i.e .. the a\erage deviation bet\\cen the reference value (x n) and the predicted vallie
()n) of V·Set. It is recommended that Bins should equal to zero(\Villiams and Norris.
1990).

Bias = ~ I(xn - Yn)
(I)

2) rhestandard errorofcalibrmionset (SEC), i.e., the swndard deviation of the differences
bcmeen the reference value (x,,) and the predicted value (y,,) ofC-Set. colTccled for bias.

SEC = J-'_~(Xn - Yn - Bias)' (1)
,\'-1

3) Thestandard errorofvalidalionscl (SEP). i.e .. the standard deviation of the diflhenccs
between the reference value (Xl) and the pn:~dicted value (Yu) orv-scl. corrected for bias.

SEP = JN~l 2:(xn - Yn - Bias)"l (3)

4) Coefficient ofcorelation(r) between [he reference value (x rl) and the predicted \·allle (Yo).

r = L(Xn-i",,)(Yn~Yn)

JHX'1 XIl )2 HYn YIl)2

The l1lodel is considered l1lore lIseful when I' value approaches I. whereby r value is larger
titan 0.90, considered as highcorrelation (\Villiams and NOITis. 1990).

5) Coefficient ofdctermination(R2) bel\\een the reference value (XII) and lhe predicted value
(l,,)·

G) Coeflicientofvariation(CV);

CV in C-Set: CV = SEC X 100
x

CV in V-Set: CV = SEP X 100
.i

(5)

(6)

(7)

A very reliable calibration could be achieved \\hen the value or CV in C-Set \\as
lo\\er than 5% and the value orcv in V-Set \\as lower than 10% (l\lltekel al .. 2006).

D20 - 3



The International Symposium on Agrirultural and Biosystem EngillE!ermg (ISABEl 2013

Results and discussion

NiH. SpcetnlAnalysis

Referencesdma of SSe. pH and firmness in sample of mango fruits for calibration set
and validation set are shown on Table l.

Table I. Reference values of SSe. pH and firmness in mango li"uits

N' Minimum Maximum Mean SD

SSC(°Bri.x)

Calibralion 103 10.23 21.07 16.55 3.12
Valid1uion 50 10.13 21.07 16.33 ' "J._J

pH
Calibration 103 2.99 <.78 0'<6 3.61
Validation 50 2.99 4.78 0.-15 3.60

Firmness (kgt)

Calibnllio!1 10J 0.26 3.9-1 1.27 1.62
Validation 50 0.28 3.93 1.30 1.57

"?\Ium~r of samples

Figure I and 2 sho\\ original spectra and normaliLed pre-treatmcntNIRspeclra in
mango IhJits. The original one sho\\s that there is a parallel shift of speclra. II occurred
Ix.~ause slXclra data ofNIR did not on I) contain sample information. but also background
information as \\ell as noises. Therefore. pre-treatment \\as needed before modelling to get
reliable. accurate and stable calibration model (Cen and H. 2007). Spectra data resulted from
dilTuse reflectance measurement at solid sHlllple would be lollowed by scattering noise as a
result of particle size difference (Chell et al.. 2013). This case \Vas supported by nlanco and
Villarroya(2012) who acknowledged that physical propel1ies of solid samples influence
spectra of solid samples. Spectra pilllt'l'Il of neat· inli'ared reflectance indicated that
wavelength of 1215-1395 11m was CHz. 1450 nm and 1940 11m were water. 1765 nm was
CH:? and celulose. and 2252-2400 was carbohydrate.

D20 -.
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C111ibration model

Calibralion and validation of t\IR speclra \\ere carried OUI to predict SSe. pH and
firmness ormango fruils. Calibralion \\as oblained basedon the correlation bel\\een data of
NIR reflectance with SSC, pi I and firmness (Table 2). For calibration set. il \\"as obtaint'd that
l3ias. SEC. CVand R~ \\ere 0.230. 2.10-1.26.12.72 and 0.571101' SSe. -O.()O-l.. 0.15707. -1.35
and 0.884 for pll, -0.048, 0.63, 38.S5 and 0.787 for tirlllncss. respcctiely. Fat' prediction set.
it was obtained lor Bills. SEP. CV and R1 were 0.260-1.. 2.64867. 16.22 and 0.39 for SSe.
0.0006. 0.17512. 4.87 and 0.87 for pH. 0.009-1. 0.69. 43.84 and 0.75 for firmness.
respec(ivel~. The resull showed lhallhc model has a good correlalion. This value \\as good
as Mouazcn et <II.. (2005) slaled that calibration model having value of J{l bcl\\cen 0.66 and
0.81 indicmed approximate quantitative prediclions. bet\\cen 0.82 and 0.90 \\as considered [0
be a good pred ict ion. and larger than 0.91 revealed exce llent.

SEC and SEP value in [his slUdy has a quite small. This restllt was good since there
\\as a small dif1erence bet\\een SEC and SEP values. Good calibration model has a small
difference oct\\een SEC and SEP. A large dim~'rence is an indicmiol1 ofcalibrmion SCI of nO!
a represcntmi\e of validation set (Lammertyn el al.. 2000). When SEP value is larger than
t\\O times than SEC. most likely over fitling will occur (I Iruschka. I990). SEI' \,(llues oflhis
study were snuliler than SI:::e. which led to prevent the over lining.

Figure J. 4 and 5 show data distribution ofcalibnllion and prediction ofSSC. pH and
firmness. The I' value indicates that PlS \\as an appropriate calibration technique (0 e:\tracl
spectra \arialian relate to SSe. pH and firmness ormanga fruils. l3ias value al set calibrarion
for SSe. pll and firmness of this stud~ \\ereO.2JO. -0.004 and -0.0-18. respecli\ e1). When the
evaluation was conducted using new sample at set validation. l3ias value for SSe. pH and
firmness were 0.2604.-0.0006 and 0.009-1.. respectively.!t showed that acclIr<H:y ofca\ibration
could be ITIClinlained to pt'cdict SSe. pH and firmness.

Table 2. Calibration and validmion ofNIR model for SSC. pH and lirmness

Calibration Validatiun
sse (o13rix)

", 10J i\1 " 50
Bias 0.130 Bias 0.260-1
SEC 2.1O-l26 SEP 2.6-1867
CV(%) 12.12 CV(%) 16.22
R' 0.571 R' 0.39

pH
N' IOJ N' 50
Bias -0.004 Bias -0.0006
SEC 0.15707 SEP 0.17512
CV (%) -l.]5 CV(%) 4.87
R' 0.884 R' 0.87

Firmness (kg!)
N' 103 N' 50
Bias -0048 Hias 0.009'
SEC 0.63 SEP 0.69
CV (%) 38.55 CY(%) -l3.8-1
R' 0.787 R' 0.75

N·: number of samples
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Conclusion

This study has eswblished a technique, based on \'IR spectroscoP) ofth.: fruit. for
predicting the ripe-stage qualities i.c. SSe. pH and lirnllless of mango ft'llits C\ Gedong
Gincu. By means of pani<ll least square (PI.5) regression relationship \\;15 established
betwcen reJkClance spcett'a and sse, pH and firmness parnmeters. PLS method I'esultcd
good calibrmiol1 results for sse, pH and Jirmness prediuioll. The prediucd valuC's \\ere
highly correlated with destructively measured values. It was concluded that by using the NI R
spectroscop) measurement system. in the appropriate spectral range. it is possible to
nondestructivel) predict the SSe. pH and lirmness of mango !i·uit.
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