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An Empirical Study on the Improvement of the Accuracy of the Equation for Intact 
Orange Fruit Internal Quality Prediction Using Peel Near Infrared Absorbtion Spectra 
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ABATRACT 
In this research, the improvement of the accuracy of orange fruit internal quality prediction 

using the fruit peel absorbance spectra in a Near Infrared Spectroscope of 1100-2500 nm was 
investigated.  A sample of 204 oranges was divided into a calibration set of 137 fruits and a prediction 
set of 67 fruits.  The diffuse reflectance of each intact fruit was measured before its juice was extracted 
for the determination of soluble solids content and total acidity. Results showed that Partial Least 
Squares Discriminant Analysis (PLS-DA) was applicable for the determination of the wave bands 
associated with the peel absorbance. Therefore, the wave bands associated with the peel absorbance 
were used to normalize intact fruit spectra. The normalized spectra were pretreated with second 
derivative (2D) or multiplicative scatter correction (MSC) prior to analysis with Partial Least Squares 
Regression (PLSR). 

The normalized spectra resulted in lower error in the prediction of soluble solids content and 
total acidity. With respect to the prediction of soluble solids content, the Root Mean Square Error of 
Prediction (RMSEP) and the correlation coefficient (R) of measured spectra were 0.478 and 0.845 and 
of normalized spectra were 0.462 and 0.845, respectively.  With relevant to the prediction of total 
acidity, the RMSEP and R of measured spectra were 0.096 and 0.744 and of normalized spectra were 
0.076 and 0.912, respectively.  This empirical study showed possibility to use wave bands associated 
with the peel absorbtion spectra for improving intact orange fruit internal quality prediction.  
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K8L:;SPNL^_=̀>R8>8?T?PaT?bK9:8@I@cLNH8dL>8?MH8L8N9bC78J78NdLeAKEf@E8NL_H8g`_Khf:NQM9L;9 

Near Infrared Spectroscopy (NIRS) M^i<c:K9:8@N8:9OjiL 1100-2500 L8kLQ@F? khN@bcKQLfLd<fT?DkN<LGS8>
efA@lO>8?hlh>OjLIEKeAKQTOjA>M^i@̂A;Mm;JOFcA>8?hlh>OjLIEKkhN?:@ dL>8?:;SPNd<fgOEf@E8NL_H8g`_K 204 gO 
IacKQTnL>Obc@ calibration 137 gO IOD>Obc@ prediction 67 gO LH8@8:Ph>8?hlh>OjLIEKIaa diffuse reflectance 
FcAS8>LP_LLH8L_H8Ef@M^i9P_L@8:Ph9c8T?;@8CeAKIeoKM^iODO8NL_H8phfMP_KB@h IODT?;@8C>?hMP_KB@h gO>8?:;SPN
Ja:c8 Q@jiAd<fQM9L;9 Partial Least Squares Discriminant Analysis (PLS-DA) F?:SEAaB8<c:K9:8@N8:9OjiLM^i
EP@JPLmG>Pa>8?hlh>OjLIEKeAKQTOjA> IODLH89c8>8?hlh>OjLeAK9:8@N8:9OjiLhPK>Oc8:@8MH8QTnL9c8@8F?U8L 
(normalization) >PaEQT>F?P@eAKEf@MP_KgO IOf:T?PaIFcKEQT>F?P@hf:N:;m^ second derivative (2D) B?jA 
Multiplicative scatter correction (MSC) S8>LP_L:;Q9?8DBGM8KEq;F;hf:N:;m^ Partial Least Square Regression 
(PLSR) SDMH8dBf9c89:8@g;hJO8hdL>8?MH8L8NOhOK khNT?;@8CeAKIeoKM^iODO8NL_H8phf@̂9c8 Root Mean 
Square Error of Prediction (RMSEP) QMc8>Pa 0.478 IOD 0.462 IOD9c8 correlation coefficient (R) QMc8>Pa 
0.845 IOD 0.845 T?;@8C>?hMP_KB@h@̂9c8 RMSEP QMc8>Pa 0.096 IOD 0.076 IOD9c8 R QMc8>Pa 0.744 IOD 
0.912 EH8B?Pa>cALIODBOPKT?PaT?bKE@>8?F8@OH8hPa hPKLP_L:;m^L^_S`K@̂9:8@QTnLpTphfM^iSDd<fdL>8?T?PaT?bK9:8@
I@cLNH8dL>8?MH8L8N9bC78J78NdLeAKEf@MP_KgOphf 
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 > 8 ? QJ;i @@l O9c 8gO; FgOM8K>8? Q>RF?
SH8QTnLFfAKEcKgO;FgOpTSH8BLc8NNPKFO8hFc8KT?DQM= 
gO;FgOSH8QTnLFfAK@̂9bC78Jĥ s`iKT?D>Aahf:NTtSSPN
Fc8Ku Q<cL E^ 9:8@I>c eL8h ?lT?c8K 9:8@IeoKeAKgO 
FH8BL;Fc8Ku T?;@8CeAKIeoKM^iODO8NphfMP_ KB@h 
T?;@8C>?hMP_KB@h IODA8>8?g;hT?>F;M8KE?^?:;MN8
Fc8Ku QTnLFfL  

>8?F?:S9bC78J78NdLgOp@fhf:NQM9L;9 
Near Infrared Spectroscopy (NIRS) @̂efAĥBO8N
T?D>8? Q<cL ?:hQ?o: p@cMH8O8NFP:ANc8K d<fE8?Q9@̂
T?;@8CLfANB?jAp@c@̂>8?d<fE8?Q9@̂ T?DBNPhI?KK8L 
<c:NOhFfLMbL>8?gO;F >8?:;Q9?8DBGFP:ANc8Khf:N
QM9L;9 Near Infrared (NIR) @̂Jj_LU8LS8>>8?M^i@̂E8?
M^ihlh>OjL9OjiLIEKdL<c:K  NIR s`i K QTnL9OjiL
I@cQBOo>prrv8M^i@̂<c:K9:8@N8:9OjiL 700-2500 L8kL

Q@F? M^iQ>;hS8>E8?hlh>OjL9OjiLIEKM^i9:8@N8:9OjiL
qPhS8>9:8@N8:9OjiL@lOU8L (overtone) IODM^i9:8@
N8:9OjiLs`iKQTnLgO?:@eAK9:8@N8:9OjiL@lOU8L 
(combination) IOf:MH8dBffk@QO>bOQ>;h>8?EPiLM^i9:8@q^i
ElK IODk@QO>bOSDql>>?DFbfLS8>E78:DJj_L (ground 
vibration level) pTNPKE78:D>?DFbfL (excited 
vibration level) K8L:;SPNM^iQ>^iN:efAK@̂hPKL^_ Miyamoto 
and Kitano (1995) d<fQM9L;9 NIR :PhT?;@8CL_H8F8O
eAKgOEf@ khNd<fEf@M^i@̂eL8hIF>Fc8K>PLIFc@̂T?;@8C
L_H8F8OQMc8>PL QJjiAB89:8@N8:9OjiLM^i@̂9:8@EP@JPLmG
>PaeL8heAKgOEf@ S8>LP_LLH89c8>8?hlh>OjLM^i9:8@
N8:9OjiLhPK>Oc8:@8B8?hf:N9c8>8?hlh>OjLIEK
MP_KB@h Ja:c8E8@8?q>H8SPhA;Mm;JOeAKeL8heAKgO
Ef@M^i@̂FcA9:8@I@cLNH8dL>8?MH8L8NT?;@8CL_H8F8O
AA>pTphf Gomez et al. (2005) MH8L8NT?;@8C>?h, 
T?;@8CeAKIeoKM^iODO8NL_H8phf IOD9:8@ILcLQLj_AeAK
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gOEf@ khNd<f:;m^ Partial least square regression 
(PLSR) IOD Principle Component Regression 
(PCR) M^i<c:K9:8@N8:9OjiL 400-2350 L8kLQ@F? 
E8@8?qT?DQ@;L9bC78J78NdLgOEf@phf Krivoshiev 
et al. (2000) MH8>8?MhOAKOhA;Mm;JOS8>QTOjA>eAK
BP:@PLx?PiKhf:N:;m^ V (virtual)-method MH8>8?:PhIaa
EcKgc8LIEK (transmittance) IODIaaEDMfALIEK 
(reflectance) khNd<fJj_LU8LeAKMzR{^ Kubelka-
Munk IODd<f9c8>8?hlh>OjLeAK>8?:PhIaaEcKgc8L
IEK (transmittance) Oahf:N9c8>8?hlh>OjLeAK>8?
:PhIaaEDMfALIEKM^i<c:K9:8@N8:9OjiL 600-1000 L8
kLQ@F?  

K8L:;SPNM^igc8L@8phfJa:c8QTOjA>@̂gOMH8dBf
9:8@I@cLNH8eAK>8?MH8L8N9c8M8KQ9@̂OhOK K8L:;SPN
L^_@bcKQLfL=̀>R8>8?LH89c8>8?hlh>OjLIEKM^iQ>^iN:efAK>Pa
QTOjA>@8T?Pa9c8>8?hlh>OjLIEKMP_ KB@hdBfQTnL
@8F?U8LQJjiAOhA;Mm;JO>8?hlh>OjLIEKeAKQTOjA>
QJjiAQJ;i@9:8@I@cLNH8eAKE@>8?MH8L8N9bCE@aPF;
78NdL (T?;@8CeAKIeoKM^iODO8NL_H8phfMP_KB@h IOD
T?;@8C>?hMP_KB@h) eAKgOEf@E8NL_H8g`_K 
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dL>8?MhOAKd<fEf@JPLmbGE8NL_H8g`_KM^isj_A@8
S8>FO8hSH8L:L 204 gO khNQOjA>Ef@M^i@̂eL8hIODE^
gOd>OfQ9̂NK>PL LH8Ef@@8:PhIODaPLM`>eL8hhf:NQ:A?G
QL^NI9O;QTA?GE (N^iBfA Mitutoyo) dLIL:FP_K|8>>PaeP_:
gO Q>oaEf@MP_ KB@hdLBfAKT};aPF;>8?M^i @̂AbCB7l@;
T?D@8C 25 AK=8QsOQs^NEQTnLQ:O8EAK<Pi:k@K >cALM^i
SDLH8Ef@@8:PhEQT>F?P@>8?hlh>OjLIEKA;Lr?8Q?h
Nc8Ld>OfIODLH8Ef@pT9P_LL_H8QJjiALH8L_H8Ef@@8:Ph9c8
E@aPF;M8KQ9@̂ 

dL>8?LH8efA@lOpTE?f8KE@>8?QJjiAMH8L8N9c8
M8KQ9@̂IFcOD9c8LP_L FP:ANc8KgOEf@SDql>IacKAA>QTnL
EAK>Obc@9jA >Obc@ calibration d<fEH8B?PaE?f8KE@>8?

MH8L8NIOD>Obc@ prediction d<fEH8B?PaMhEAa9:8@
I@cLNH8eAKE@>8?dL>8?MH8L8N9c8M8KQ9@̂LP_Lu dL
>8?QOjA>FP:ANc8KEf@dBfANlcdLIFcOD>Obc@LP_LSDQ?;i@S8>
LH8FP:ANc8KgOEf@@8Q?^NKOH8hPaF8@9c8E@aPF;M8KQ9@̂
LP_Lu IOf:QOjA>FP:ANc8KEf@EAKgOI?>dBfANlcdL>Obc@ 
Calibration IODgOM^iE8@ANlcdL>Obc@ prediction IOD
QOjA>EOPaQ<cLL^_SL9?akhNQOjA>gOEf@M^i@̂9c8M8KQ9@̂
FiH8EbhANlcdL>Obc@ calibration s`iKSDMH8dBfphfEf@dL>Obc@ 
calibration @̂<c:KeAK9c8M8KQ9@̂>:f8K>:c8<c:K9c8M8K
Q9@̂eAK>Obc@ prediction IOD>Obc@gOEf@MP_KEAK>Obc@
SD@̂9c8M8KQ9@̂M^i@̂>8?>?DS8NdLOP>RCDQĥN:>PL 
SH8L:LgOEf@dL>Obc@ calibration (137 gO) SD@̂
SH8L:LkhNT?D@8CEAKQMc8eAKSH8L:LEf@dL>Obc@ 
prediction (67 gO) 9c8M8KEq;F;eAKE@aPF;M8KQ9@̂
eAK>Obc@FP:ANc8KgOEf@MP_KEAK>Obc@IEhKdL Table 1 
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>8?:PhEQT>F?P@eAK>8?hlh>OjLIEKeAKgO
Ef@SD:PhM^iFH8IBLcKQĥN:>PLa?;Q:C>`iK>O8KeAKgOEf@
dLIL:FP_K|8>>PaeP_:eAKgO khNQ?;i@:Ph9c8>8?hlh>OjL
IEKeAKEf@E8NL_H8g`_KMP_KgO>cAL IOf:TA>QTOjA>MH8
>8?:PhEQT>F?P@eAKEf@TA>QTOjA>IODQTOjA>Ef@ 
IODLH8pT9P_LL_H8QJjiA:PhEQT>F?P@eAKL_H8Ef@hf:NQ9?jiAK 
NIRS (Bran+Luebbe ?bcL InfraAlyzer 500) M^i<c:K
9:8@N8:9OjiL 1100-2500 nm (Figure 1) BOPKS8>
LP_LLH8L_H8Ef@@8:PhT?;@8CeAKIeoKM^iODO8NL_H8phfhf:N
Q9?jiAK Digital Refractometer (Atago ?bcL PR 32) IOD
:PhT?;@8C>?hMP_KB@h hf:N:;m^>8?pMQM?F hf:NQ9?jiAK
pMQM?F (Mettler Toledo ?bcL T50) khNSD:PhgOOD 3 
s_H8 IOf:d<f9c8Q|O^iNdL>8?:;Q9?8DBGM8KEq;F;FcApT 

 
���Q	����PVO%�� " 

dLeP_LFAL>8?:;Q9?8DBGefA@lOQJjiAE?f8KE@>8?
MH8L8N9c8M8KQ9@̂LP_LSDd<fefA@lO>8?hlh>OjLIEKIOD
9c8M8KQ9@̂S8>Ef@dL>Obc@ calibration khNQ?;i@S8>>8?
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T?PaIFcKEQT>F?P@hf:N:;m^ second derivative (2D) 
B?jA multiplicative scatter correction (MSC) QJjiAOh
gO>?DMaS8>>8?>?DQS;KIEKM^iIF>Fc8K>PLeAKEf@IFc
ODgO FcAS8>LP_LE?f8KE@>8?9:8@EP@JPLmG?DB:c8K
EQT>F?P@>Pa9bCE@aPF;78NdLgOEf@khNd<f:;m^ PLSR 
hf:NkT?I>?@ Unscrambler (version 9.7) F?:SEAa
9:8@I@cLNH8eAKE@>8?M^iE?f8Ke`_LkhNIML9c8>8?
hlh>OjLIEKeAKEf@dL>Obc@ prediction dLE@>8?M^iphf
IOD9H8L:C9c8M8KQ9@̂eAKEf@IFcODgOIODLH8@8
QT?^NaQM^Na>Pa9c8M8KQ9@̂M^i:PhphfeAKEf@IFcODgO khN
QOjA>E@>8?MH8L8NM^idBf9c8 Root Mean Square Error 
of Prediction (RMSEP) FiH8M^iEbh S8>LP_LMhOAK
T?PaT?bK9:8@I@cLNH8eAKE@>8?MH8L8NeAKEf@MP_KgO
khNd<fQM9L;9 Partial Least Squares Discriminant 
Analysis (PLS-DA) QJjiAF?:SEAaB8<c:K9:8@N8:
9OjiLM^iEP@JPLmG>Pa>8?hlh>OjLIEKeAKQTOjA> IODLH8
9c8>8?hlh>OjLIEKdL<c:K9:8@N8:9OjiLhPK>Oc8:@8MH8
9c8EQT>F?P@Q?;i@FfLeAKEf@MP_KgOdBfQTnL@8F?U8L 
(normalization) QJjiAOhA;Mm;JOeAKQTOjA> khNd<f 3 
:;m^ phfI>c >8?B8? >8?Oa IOD>8?FPh>8?hlh>OjLIEK
M^i<c:K9:8@N8:9OjiLM^iQ>^iN:efAK>PaQTOjA>AA> IOf:
:;Q9?8DBGhf:N:;m^ PLSR IODQT?^NaQM^NaT?DE;Mm;78J

E@>8?Qh;@eAKEf@MP_KgO>PaE@>8?M^iphfBOPKS8>Oh
A;Mm;JOeAKQTOjA> khNJ;S8?C8S8>9c8 RMSEP eAK
>8?MH8L8NdL>8?QT?^NaQM^Na QLjiAKS8>QTnL9c8M^iIEhK
q`K9:8@I@cLNH8IOD9:8@QM^iNKF?KeAKE@>8?MH8L8N 
s`iK9:?SD@̂9c8FiH8u  
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OP>RCDEQT>F?P@eAKEf@E8NL_H8g`_KM^i<c:K9OjiL
N8: 9jA 1100-2500 L8kLQ@F? (Figure 2) EQT>F?P@
eAKEf@E8NL_H8g`_KMP_KgO@̂OP>RCD9Of8N>PaeAKQTOjA> 
khNM^iEQT>F?P@eAKEf@MP_KgO@̂9c8>8?hlh>OjLIEKElK
>:c8eAKQTOjA>QOo>LfAN Ec:LEQT>F?P@eAKEf@TA>
QTOjA>IF>Fc8K>PaEf@MP_KgOIODQTOjA>Ef@ QLjiAKS8>
Q>;h>8?>?DQS;KIEKElKQJ?8Dg;:Ef@p@cQ?^NaNPK@̂dNEf@
a8KEc:LF;hANlc IOD@̂A8>8=>?DS8NANlc?DB:c8Kg;:
LA>>PaqbKEf@ Q@jiAEPKQ>FM^i<c:K9:8@N8:9OjiL 1450 
IOD 1940 L8kLQ@F? SDQBoL9c8>8?hlh>OjLIEKANc8K
<PhQSLs`iKQTnL9c8>8?hlh>OjLeAKL_H8 (Osborne et al., 
1993) s`iK@̂9:8@EAh9OfAK>PaeAKMb>EQT>F?P@dLgO
Ef@s`iK@̂L_H8QTnLAK9GT?D>Aa 

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1  The near infrared spectroscopy instrument (InfraAlyzer 500) and scanning of citrus  
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Figure 2  Average long wavelength spectra of intact fruit, peeled fruit, peel and juice 
 
 
 
 
 
 
 
 
 

(a)      (b) 
Figure 3  Score Plot between fruit peel and peeled fruit in long wavelength region (a) PC1 and PC2 (b)     
  PC1 and  PC3 
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 9c8M8KEq;F;dL>8?MH8L8NT?;@8CeAKIeoKM^i
ODO8NL_H8phfeAKE@>8?M^iE?f8KS8>EQT>F?P@>8?
hlh>OjLIEKeAKEf@MP_KgO Ef@TA>QTOjA> QTOjA>Ef@ 
IODL_H8Ef@ IEhKdL Table 2 Ja:c8 E@>8?MH8L8N
T?;@8CeAKIeoKM^iODO8NL_H8phfM^iE?f8KS8>EQT>F?P@
eAKEf@MP_KgOLP_L >8?d<f9c8EQT>F?P@M^ip@c@̂>8?T?PaIFcK 
(measured spectra) dBfgOĥM^iEbh (RMSEP = 

0.478oBrix) Ec:LE@>8?M^iE?f8KkhNd<fEQT>F?P@Ef@
TA>QTOjA>LP_L>8?T?PaIFcKEQT>F?P@hf:N:;m^ MSC dBf
gOĥM^iEbh (RMSEP = 0.606oBrix) EH8B?PaE@>8?M^id<f
EQT>F?P@QTOjA>Ef@ >8?T?PaIFcKEQT>F?P@hf:N:;m^ 
MSC dBfgOĥM^iEbh (RMSEP = 0.519oBrix) IOD
E@>8?M^iE?f8KS8>EQT>F?P@eAKL_H8Ef@ >8?T?PaIFcK
EQT>F?P@hf:N:;m^ 2D dBfgOĥM^iEbh (RMSEP = 
0.241oBrix) Q@jiAJ;S8?C8QT?^NaQM^Na>8?MH8L8N9c8
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T?;@8CeAKIeoKM^iODO8NL_H8phfJa:c8 E@>8?M^iE?f8K
S8>EQT>F?P@eAKL_H8Ef@SDdBfgO>8?MH8L8NM^iI@cLNH8
M^iEbh ANc8Kp?>oF8@>8?MH8L8N9c8hf:NE@>8?M^iE?f8K
S8>EQT>F?P@eAKEf@MP_KQTOjA>>OPadBf9:8@I@cLNH8
>:c8E@>8?M^iE?f8KS8>EQT>F?P@eAKgOEf@TA>QTOjA>
MP_KL^_QLjiAK@8S8>Ef@TA>QTOjA>@̂g;:p@cQ?^NaNPK@̂dNEf@
a8KEc:LF;hANlc IOD@̂A8>8=>?DS8NANlc?DB:c8Kg;:
LA>>PaqbKEf@ 
�����������	 ����� 

dL>8?MH8L8NT?;@8C>?heAKE@>8?M^iE?f8K
S8>EQT>F?P@>8?hlh>OjLIEKeAKEf@MP_KgO Ef@TA>
QTOjA> QTOjA>Ef@ IODL_H8Ef@ phf9c8M8KEq;F;IEhKdL 
Table 3 s`iKJa:c8 E@>8?MH8L8NT?;@8C>?hM^iE?f8K
S8>EQT>F?P@eAKEf@MP_KgOLP_L >8?d<f9c8EQT>F?P@M^i
T?PaIFcKhf:N:;m^ 2D dBfgOĥM^iEbh (RMSEP = 0.096%) 
Ec:LE@>8?M^iE?f8KkhNd<fEQT>F?P@Ef@TA>QTOjA>LP_L 
>8?d<fEQT>F?P@M^i p@c @̂>8?T?PaIFcKdBfgOĥM^iEbh 
(RMSEP = 0.129%) EH8B?PaE@>8?M^iE?f8KkhNd<f
EQT>F?P@QTOjA>Ef@ >8?T?PaIFcKEQT>F?P@hf:N:;m^ 2D 
dBfgOĥM^iEbh (RMSEP = 0.120%) IODE@>8?M^iE?f8K
S8>EQT>F?P@eAKL_H8Ef@ >8?d<fEQT>F?P@M^ip@c@̂>8?
T?PaIFcKdBfgOĥM^iEbh (RMSEP = 0.084%) Q@jiA
J;S8?C8QT?^NaQM^Na>8?MH8L8N9c8T?;@8C>?h Ja:c8 
E@>8?M^iE?f8KS8>EQT>F?P@eAKL_H8Ef@SDdBfgO>8?
MH8L8NM^iI@cLNH8M^iEbh IOD>8?MH8L8N9c8T?;@8C>?h
hf:NE@>8?M^iE?f8KS8>EQT>F?P@eAKEf@MP_KQTOjA>dBf
9:8@I@cLNH8>:c8E@>8?M^iE?f8KS8>EQT>F?P@eAKgO
Ef@TA>QTOjA> khNIL:kLf@9:8@I@cLNH8EAh9OfAK>Pa
>8?MH8L8NT?;@8CeAKIeoKM^iODO8NL_H8phf 
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QLjiAKS8>QTOjA>SD@̂gOFcA>8?hlh>OjLIEK
khN?:@ S`K@̂9:8@ELdSM^iSDB8efA@lO>8?hlh>OjLIEK
M^iEP@JPLmG>PaQTOjA> QM9L;9M^id<f9jA Partial Least 

Squares Discriminant Analysis (PLS-DA) s`iKQTnL:;m^
dL>8?SH8IL>>Obc@ khNd<f9c8>8?hlh>OjLIEKeAKEf@
TA>QTOjA>IODQTOjA>Ef@ (Figure 2) QJjiAB89:8@
N8:9OjiLM^iEP@JPLmG>Pa>8?hlh>OjLIEKeAKQTOjA>Ef@ 
S8>LP_LLH8<c:K9:8@N8:9OjiLLP_L@8MH8 normalization 
>PaEQT>F?P@eAKEf@MP_KgOM^OD9:8@N8:9OjiL QJjiA
T?PaI>fdBfQTOjA>Ef@@̂A;Mm;JOd>OfQ9̂NK>PLdLMb>gO 
khNQ?;i@S8>B89c8 Principal Component (PC) M^iMH8
dBfQ>;h>8?IacK>Obc@?DB:c8KEf@MP_KgO>PaEf@TA>QTOjA> 
(Figure 3a and 3b) PC M^id<fdL>8?IacK>Obc@9jA PC1 
S`Kd<f9c8 x-loading weight eAK PC1 s`iK9c8L^_SDIEhK
EPhEc:L>8?hlh>OjLIEKdLIFcOD9:8@N8:9OjiLM^i@̂gO
FcA9c8 PC1 M^iAm;a8N9:8@IT?T?:L?DB:c8KEf@TA>
QTOjA>IODQTOjA> s`iK9c8<c:K9:8@N8:9OjiLM^i@̂9c8 
loading weight ElKSD@̂9:8@EH89P�dL>8?IacK>Obc@ 
(Lui et al., 2008) s`iK9c8 loading weight eAK PC1 
>Pa PC3 9jA <c:K 1128-1144 L8kLQ@F? IODeAK 
PC1 >Pa PC2 9jA <c:K 1654-1672 L8kLQ@F? S8>LP_L
LH8<c:K9:8@N8:9OjiLM^iphf@8T?PaT?bK9:8@I@cLNH8eAK
E@>8? khN:;m^I?> 9jA LH89c8>8?hlh>OjL<c:K9:8@N8:
9OjiLM^iphf@8B8?>Pa9c8>8?hlh>OjLMb>9:8@N8:9OjiLM^
OD9:8@N8:9OjiL :;m^M^iEAK 9jA LH89c8>8?hlh>OjL<c:K
9:8@N8:9OjiLM^iphf@8Oa>Pa9c8>8?hlh>OjLMb>9:8@
N8:9OjiLM^OD9:8@N8:9OjiL :;m^EbhMf8N 9jA FPh<c:K
9:8@N8:9OjiLM^i@̂9:8@EP@JPLmG>PaQTOjA>AA> S8>LP_L
MH8>8?T?PaIFcKEQT>F?P@hf:N:;m^ second derivative 
B?jA multiplicative scatter correction IODS`KLH8
EQT>F?P@M^i phf@8E?f8KE@>8? calibration khN
:;Q9?8DBGM8KEq;F;hf:N Partial Least Square 
Regression (PLSR) S8>LP_LQOjA>E@>8?M^iĥM^iEbh M^iphf
9c8 RMSEP FiH8M^iEbh 

>8?MH8 normalization MP_K 3 :;m^ 9jA >8?B8? 
>8?Oa IOD>8?FPh<c:K9:8@N8:9OjiLM^i@̂A;Mm;JOMH8dBf
Ef@TA>QTOjA>IODQTOjA>Ef@IN>AA>S8>>PLhf:N>8?
:;Q9?8DBGhf:N PLS-DA Ja:c8@̂ 2 :;m^ 9jA >8?Oa IOD
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>8?FPh<c:K9:8@N8:9OjiL M^iE8@8?qT?PaT?bK9:8@
I@cLNH8eAKE@>8?MH8L8N9c8T?;@8CeAKIeoKM^iODO8N
L_H8phf khNMH8dBf9c8 RMSEP OhOK s`iKQ@jiAOahf:N9c8
>8?hlh>OjLM^i9:8@N8:9OjiL 1660 nm dBf9c8 RMSEP 
OhOKFiH8M^iEbh9jA 3.35% (Table 4) 

>8?MH8 normalization MP_K 3 :;m^ 9jA >8?B8? 
>8?Oa IOD>8?FPh<c:K9:8@N8:9OjiLM^i@̂A;Mm;JOMH8
dBfgOTA>QTOjA>IODQTOjA>IN>AA>S8>>PLhf:N>8?
:;Q9?8DBGhf:N PLS-DA E8@8?qT?PaT?bKE@>8?MH8L8N
9c8T?;@8C>?hMP_KB@hphf khNMH8dBf9c8 RMSEP OhOK 
s`iKQ@jiAB8?hf:N9c8>8?hlh>OjLM^i9:8@N8:9OjiL 1654 
nm MH8dBf RMSEP OhOK 21.47%  (Table 5) IFc

SH8L:L factor M^id<fdL>8?E?f8KE@>8?MH8L8NQJ;i@e`_L 
QLjiAKS8>>8?E?f8KE@>8?MH8L8NSDQOjA>SH8L:L 
factor M^idBf9c89:8@g;hJO8hdL>8?MH8L8NFiH8M^iEbh s`iK
>8?hlh>OjLIEKM^i@̂9:8@N8:9OjiL 1654 L8kLQ@F? SD
EP@JPLmG>Pa C-H stretch first overtone s`iKEP@JPLmG>Pa
E8?T?D>AaM^i@̂>O;iLBA@dLQTOjA>Ef@ (Osborne et 
al., 1993) s`iKQ@jiALH89c89:8@g;hJO8hdL>8?MH8L8N 
(SEP) pTQT?^NaQM^Nahf:N:;m^ Paired t-test >8?
MH8L8NT?;@8C>?hMP_KB@h78NBOPKT?PaT?bKE@>8?
eAKEf@MP_KgOdBf9c8 SEP OhOKANc8K@̂LPNEH89P�M^i<c:K
9:8@Q<jiA@PiL 95% 

 
Table 1  Soluble solids content and total acidity of calibration and prediction orange fruit samples 

 Soluble solids content (oBrix) Total acidity (%) 
Calibration Prediction Calibration Prediction 

Number of Sample  137 67 137 67 
Min. 8.533 8.967 0.310 0.335 
Max. 12.800 12.100 0.975 0.895 
Mean 10.585 10.577 0.545 0.541 
SD 0.778 0.734 0.137 0.128 

 
 
Table 2  Calibration and prediction figures of soluble solids content of intact fruit, peeled fruit, peel and 

juice from PLSR 
 Pretreatment F Ra SECc Rb SEPc BIASc RMSEPc 

Intact fruit neasured spectra 10 0.845 0.416 0.768 0.479 0.052 0.478 
Peeled fruit MSC 4 0.569 0.639 0.715 0.610 -0.008 0.606 

Peel MSC 5 0.693 0.56 0.521 0.521 0.039 0.519 
Juice 2D 4 0.960 0.218 0.946 0.239 0.040 0.241 

F is the number of factor used for the PLSR Ra is correlation coefficient of calibration  
Rb is correlation coefficient of prediction   2D is second derivative  
MSC is multiplicative scatter correction  SEC is standard error of calibration 
RMSEP is Root Mean Square Error of Prediction SEP is standard error of prediction  
cUnit is oBrix   
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Table 3  Calibration and prediction figures of total acidity of intact fruit, peeled fruit, peel and juice from 
PLSR 

 Pretreatment F R SECd R SEPd BIASd RMSEPd 
Intact fruit 2D 10 0.744 0.092 0.662 0.097 -0.009 0.096 
Peeled fruit measured spectra 8 0.628 0.107 0.284 0.128 -0.024 0.129 

Peel 2D 4 0.378 0.127 0.335 0.121 -0.006 0.120 
Juice measured spectra 11 0.973 0.032 0.813 0.084 -0.010 0.084 

dUnit is % 

 
Table 4  Improvement of calibration equation of soluble solids content in intact citrus with normalization 

based on division, subtraction and wavelength removal 
 Pretreatment F R SEC R SEP BIAS RMSEP 

Aλ/A1130 original spectra 10 0.8552 0.403 0.765 0.484 0.030 0.481 

Aλ-A1660 original spectra 10 0.845 0.416 0.778 0.462 0.061 0.462 

A1128-1144, 1654-1672 MSC 10 0.860 0.397 0.782 0.465 0.038 0.463 

Aλ/A1130 dividing total absorbance (Aλ) with absorbance of 1130 nm (A1130) 

Aλ-A1660 subtracting total absorbance (Aλ) with absorbance of 1660 nm (A1660) 
A1128-1144, 1654-1672 removal of wavelength range of 1128 to 1144 nm (A1128-1144) and of 1654 to 1672 
nm  (A1654-1672) from whole range spectra 

 
Table 5  Improvement of calibration equation of total acidity in intact citrus with normalization based on 

division, subtraction and wavelength removal 
 Pretreatment F R SEC R SEP BIAS RMSEP 

Aλ/A1654 2D 14 0.912 0.056 0.823 0.076 -0.007 0.076 

Aλ-A1140 2D 14 0.917 0.055 0.815 0.079 -0.007 0.078 

A1654-1672 2D 14 0.916 0.055 0.819 0.077 -0.007 0.077 

Aλ/A1654 dividing total absorbance (Aλ) with absorbance of 1654nm (A1654) 

Aλ-A1140 subtracting total absorbance (Aλ) with absorbance of 1140 nm (A1140) 
A1654-1672 removal of wavelength range of 1654 to1672 nm (A1654-1672) from whole range spectra 
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gOM^iphfIEhKdBfQBoL:c8@̂9:8@QTnLpTphfM^iSD
d<fQM9L;9 NIR QJjiAF?:SEAa9bC78J78NdLeAKEf@
E8NL_H8g`_K M^iE?f8KE@>8?MH8L8Nhf:N:;m^ PLSR IOD
T?PaT?bK9:8@I@cLNH8eAKE@>8?khNd<f:;m^ PLS-DA 
?c:@>Pa normalization QJjiALH8efA@lOEQT>F?P@M^i
EP@JPLmG>PaQTOjA>@8d<fQJjiAdBf>8?MH8L8NT?;@8C>?h
MP_KB@h@̂9:8@I@cLNH8@8>e`_L s`iK>8?MH8L8NT?;@8C
>?hkhNMPi : pTSDdBf9:8@I@cLNH 8FiH 8  hP KLP_ L :; m^ 
normalization khNd<fefA@lOQTOjA>S`KQTnL:;m^Q<;K
MhOAKM^i9:?SD@̂>8?=̀>R8khNODQÂNhFcApTdLQ?jiAK
Q>^iN:>Pa9c8M8KQ9@̂dLQTOjA>M^i @̂9:8@EP@JPLmG>Pa
T?;@8C>?hdLgOEf@ 
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 glf:;SPNeAeAa9bC<bhk9?K>8?:;SPNAbhBLbL:;SPN 
@>. T?DSH8T� 2552 Q?jiAK>8?9:a9b@@8F?U8LE;L9f8
M8K>8?Q>RF?IODAbFE8B>??@khNQM9L;9>8?
F?:SEAahf:N9OjiLI@cQBOo>prrv8Nc8Ld>OfA;Lr?8Q?h 
M^idBfMbLdL>8?MH8:;SPN IODEq8aPL9fL9:f8IODJP�L8
gO;FgOM8K>8?Q>RF?IODAbFE8B>??@Q>RF?M^idBfd<f
Q9?jiAK@jAIODBfAKT};aPF;>8?dL>8?MH8:;SPN 
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