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� �. ���� ��� ��� ����(principal component regression, PCR)� �� �����(partial

least squares, PLS)� ����  !"#(tryptophan and tyrosine)� $%� &'�( )�� ��� �*�+,.  

!"# -./� �01234 5678� 257 nm9 :&�� ;&�+,. < =>  !"#� ?9 ,@ AB9

-.CD E( 32F� %G�H� 280 nm~500 nm IJ�? 0K235� LM:, �N ���� PCR� PLS ��

OP� LM,. < =>  !"#� ?9 ,@ AB9 QRS 6 F� T�U&� %G5� 01235� ��V? �

�OP� W.�� U&�X J�� T�U&� %G� ABN Y#�+,. Y#S ABN ���� relative standard

error of prediction(RSEPa)N LM:, Z4 )�[9 overall relative standard error of prediction(RSEPm)B *�+,.

���:  ,\' ���, Tryptophan, Tyrosine

ABSTRACT. A spectrofluorimetric method for the simultaneous determination of amino acids (tryptophan and

tyrosine) based on the application of multivariate calibration method such as principal component regression and partial

least squares (PLS) to luminescence measurements has been studied. Emission spectra of synthetic mixtures of two

amino acids were obtained at excitation wavelength of 257 nm. The calibration model in PCR and PLS was obtained

from the spectral data in the range of 280-500 nm for each standard of a calibration set of 32 standards, each containing

different amounts of two amino acids. The relative standard error of prediction (RSEPa) was obtained to assess the

model goodness in quantifying each analyte in a validation set. The overall relative standard error of prediction (RSEPm)

for the mixture obtained from the results of a validation set, formed by 6 independent mixtures was also used to validate

the present method.

Keywords: Multivariate Calibration, Tryptophan, Tyrosine
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��c < =>  !"#� &'��( ,_c ��

W 
�5� �9 5~ �X	�W ���(electro-

chemical analysis),2-5 ���� ��(atomic absorption

spectrophotometry, AAS),6 :�� Hn�9�����

(high performance liquid chromatography, HPLC),7-9

� ��� ]� 5 � E,. �5 a�? ��

�4 �B= � ? �4 AB IJ�> W�� � E

:,  ¡�¢ IJ= £,.10-13 ��¤ ¥� a� ��

�� /�� =�¦ 78�? �� §( /�� ¨

©�| C~ 0123� aª[9 f�� ���� /

�«� �� ;&�X D¬,.14-16 ��c �� ®

¯�X Jc )�[9 ���( °±²³ ´YW ,\

' ���� µ@ ¶B9 l��: E,.17-19 X¨� )

�4 �� )·78� )·¸XN ;&�� U&¹¡

� LD? ABN Y#�( º~� ,\' ���4

,_c 78�? L4 0123� ���� ����

/�� ABN Y#�X Jc ��C»¤, ;&S 0

123� y¼W[9 V��X Jc )�[9 ��S

,. ½¾?, ,\' ���4 �� => )VN /�5

�¤ ���� /�5� �c )· ¿�À� aª�

ÁD¤B �ÂÀ¤ �À�& Ã� ���� /�5�

¡ÄW[9 ��e � E,. ��c ,\' ���4

�T¡-=%¡ ��(uv-visible spectrophotometry),

WT¡ �B�(infarared spectroscopy), ¾« �

�(raman spectroscopy), ��0ÅÆÇ ��(electron

spin resonance spectrometry), È�XÆÇ ��(nucler

magnetic resonance spectroscopy) ]20-21� ¢��:

E,.

É �*�?( Trp³ Tyr� $%&'�X J�� �

��[9 01235� L4 Ê� ��� ���

�(principal component regression. PCR)� �� ��

���(partial least squares, PLS)� ���� 0123

Ë�²N ÂÀ�( U&¹¡� L( )�� ��� �

*�+,.  !"# -./� �01234 5678

� 257 nm9 :&�:, )·78 280 nm~500 nm IJ

�? LM,. L4 ��OP� W.�� U&�X J�

� < =>  !"# -.�H� ?9 ,@ AB9 Q

RS 6F� U&� %G5� 01235� ���� A

BN Y#�+:, Y#S ABN ���� relative

standard error of prediction(RSEPa)N Y#�+:, Z

4 )�[9 overall relative standard error of prediction

(RSEPm)B Y#�+,.

 �

��. Trp³ Tyr4 Sigma(St. Louis, MO, USA)z

9�² *Ì�+,. ÍÎ� z�c ÏÏ� Trp³ Tyr

Ð8�H4 Á&'� Trp³ TyrN Ñ�Ò�� Ó� A

B= 1.0Ô10−3 M� CBÕ Öt�+[k, pH 9.5 ×�

�H[9 z�S boric acid-borate�H4 H3BO3 6.18 g�

NaOH 2.8 g� rØ� 1 L� Ó�? Öt�+,.22 rØ

�( Milliporez(Bedford, MA, USA)� Mill1-Q water

system� ��V L4 18.2 MΩ ��� ÐÙ� =s Ñ

�Ò�N z��+[k, OÚ �H4 ÍÎ  �� Öt

�� z��+,.

��. É ÍÎ�? z�c ��Y( SPEXz

(Edison, NJ, USA)�? ÖpS Model FL111 Spectro-

fluorimeter� z��+,. �[9( 450 W Xe Lamp,

XÛU·X(reference detector)9( silicon diode U·

X, %G� �� ;&�( l U·X(emission detector)

9( Hamamatsuz(Bridgewater, NJ, USA) Model R928

PMTN z��+,. ;&78� 1 nmÜ r=%Ý~?

1 h $Þ W��� Ë�²N LM:, �&S 0123

� LX JV acquisition modeN s/r9 ¡Ä�+,. %

G� pHN ;&�X JV? Mettlerz(Schwerzenbach,

Switzerland) Model MA235 pH/Ion analyzerN z�

�+,.

�	
�. Trp, Tyr� -.�H� )· 0123�

;&�X J�� z�c �H4 ,ß� Z� «5M,.

ÏÏ 1.0Ô10−3 M~1.0Ô10−6 M� Trp³ Tyr �H� Ö

tc Ê� 10 mL� �'à¾0�� Ötc ÏÏ� Trp

³ Tyr �H� Á&' á: -.c Ê� pH 9.5 boric

acid - borate ×��H[9 â¡�> ãä? âÛ�H

� T�U&� %G�H� Öt�+,. � �H� 1 cm

Ô1 cm �^ å� æ:, 56 78� 257 nm9 ��

)· 78� çèD =~? �0123� LM,. �

�c )�[9 L4 �0123� GRAMS32(Galactic

Industries Co., NH, USA)�? éD5� ÂÀ�+,.

��� ���� ��. �������(principal

component regression, PCR)20-214 0123 �G5�

��� ������ ê�� ��� �N *�:, A

B³ *c ��� � z�N ������ ��OP

� *�( )��,. 0123 êë� ���� /��

AB êë�� �������� Íê�X J�� 0

123 êë� ���� �����(i (1))� ê�+:,
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Y#S ��� �(principal component score)5� A

Bêë z�� ��)&i� *�( �&(i (2))� Í

ê�+,.

(1)

(2)

X( 0123 êë, T( ��� � êë, Pt ���

êë, EX( 0123ìí(residual spectra) êë�,. Y(

ABêë, B( ��Y� êë(regression coefficient)�k

EY(nÔm)( ABìí êë�,.

�� �����(partial least squares regression,

PLS)20-214 AB³ 0123 �G5� ��� $%�

����� ê�� AB� ��� �³ 0123 �

G� ��� � z�N ������ ��OP� *

�( )��,. 0123 êë� ���� /�� AB

êë�� �� ���� ��OP� *�X J�� 0

123 êë� AB êë� $%� �����(i (3),

i (4))�+:, *c < ��� �5 z�� §�îY

(inner relation, B)N *�� ��OP� *�( �&(i

(5))� Íê�+,.

(3)

(4)

(5)

X( 0123 êë, T( 0123 êë� ��� 

� êë, Pt ��� êë, EX( 0123ìí êë, Y(

AB êë, U( AB êë� ��� � êë, Qt( A

B êë� ��� � êë, EY( ABìí êë�:,

E( ��OP� ìí�,.

�W ��OP� *�X J�� �íU&(cross

validation)�&� �ê�� ��OP� *�( Ë� �

�e �W ���� �N ï&�+,. �;S AB³

ÍÖ ABN ���� ����� �� ½@ prediction

residual error sum of squares(PRESS, i (6))N *�

+,.

(6)

n4 ð9� *�S %G� �, i( ���� /��

�, Cpred( ��OP� ���� *c �?�� /��

AB�k Cact4 ÍÖ AB�,. *c PRESS� F-U&

� ´�� PRESS� \	= Ã,: e � E( ���

� �N ��OP� *�X Jc �W� ��� �9

�+,.

��(outlier)� U·�X J�� 0123ìíN �

��� Mahalanobis »À(d)N Y#�� ñò��� ê

�»¤, F-ratioN ç9 ���»¤ F-ratioN ����

F-U&� Íê�� ��� U·�+,.

(7)

(8)

d( Mahalanobis »À, R4 ìíêë, R( óôìí

êë, Σ( �#-Æ�# êë�,. n4 %G� �, ri³ rj

( Ï %G� ABìí �,. Mahalanobis »ÀN ��

e õ( Mahalanobis »À� óô� aö[9 âÛ÷

í� 3ø� Vù�( »À�, ú »À� E( %GN

��[9 �+:, F-ratioN ç9 ���( ��( F-

ratio= 1�, ú � ��[9 �+:, F-ratioN �

��� F-U&� êe õ( o��Û αN 0.019 ��

��� U·�+,.

��OP� W.�� U&�X J�� T�U&

(externa validation) %G a� ���� /�� �c

relative standard error of prediction(RSEPa)N *�+

:, ���� /� �n� relative standard error of

prediction(RSEPm)� *�+,. RSEPa³ RSEPmN *�

( i� ,ß� ¤û§M,.

(9)

(10)

k( T�U& %G� �, n4 ���� /�� �,

Cfound( ��OP� ���� *c T�U&¸2� A

B�k Cadd4 T�U& %G� ÍÖAB�,.

X TPt EX+=

Y TB EY+=

X TPt EX+=

Y UQ
t

EY+=

Y TBQt E+=

PRESS cact cpred–( )2

i 1=

n

∑=

d R R–( )t
 
1–∑= R R–( )t

F ratio
n 1–( )ri

r j
i j≠
∑

------------------=–

RSEPa 100

Cfound Cadd–( )
k

2

q 1=
∑

Cadd

k
2

q 1=
∑

--------------------------------------------×=

RSEPm 100

Cfound Cadd–( )
n

2

r 1=
∑

k

q 1=
∑

Cadd

n
2

r 1=
∑

k

q 1=
∑

------------------------------------------------------×=
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�����. Trp� Tyr� )· 0123� ;&�

X J�� ÏÏ AB= ,@ Trp� Tyr -.�H� �

��� 56 78 257 nm� :&%Ý: L4 )· 0

123� Fig. 1� ¤û§M,.

Fig. 1�? ü � Eý� 300 nm�?( Tyr� )·

¿�À= ¤ûþ:, 350 nm�?( Trp� )· ¿�À

= ¤ûþ,. ÿc <  !"#� �01235� a

ª� ÁD¤X õ�� X¨� &')�[9 <  !"

#� $%&'� D¬,( �� ��,.

PCR ��. ��OP� z�e ��� �5� *

�X J�� ��� ��� �+:, ���� ½@ :

o�(eigenvalue)� Fig. 2� ¤û§M,.

Fig. 2�? ü � Eý� � �� ���(PC1)� = 8 ú :o�� =>:, ,ß[9 < �� ���(PC2)

� ú :o�� =s,. ���� �	= r=e�Õ

:o��  
D�( �� � � E,. �( :o�

� p4 ���54 ��� ��� z�c �G5� �

ÇR� ED? X�B= p,( �� �!c,.

�W� PCR ��OP� *�X J�� �íU& �

&� �ê�� PRESSN *:, � ï�N Fig. 3�

¤û§M,. Fig. 3�? ü � Eý� �¤� ����

��� õ� PRESS= 2F� ���� ��� õ

� PRESS�, p�:, 3F� ���� ��� õ�

PRESS( ,% r=�+,. 4F� ���� ���

õ� PRESS( �| ���+:, 5F� ���� ��

� õ� PRESS( r=N ¤û§M,. 6F� ���

� ��� õ� PRESS( ,% ���+:, 7F�?

�² 10F� ���� ���� *c PRESS( íW

f ��N ¤û§M,. ��¤ 10F ��� ����

��� õ� *c PRESS(  r=�+,. ��c

PRESS5� ���� F-U&(α=0.01)� �ê�+� õ

PRESS� \	= Ã,: e � E( ���� �( 6�

M,.

��OP�?� ��(outlier)� U·�X J�� 0

123ìíN *�+:, � ï�N Fig. 4� ¤¤§M

,. *c 0123ìíN ���� Mahalanobis»ÀN

Y#�� ñò��� ê�+:, F-ratioN Y#�+:,

F-U&� �ê�+,. Fig. 4�? ü � Eý� 19� %

G= =8 ú 0123ìíN ¤û§M: � %G(

Trp³ Tyr� AB= ÏÏ 3.30Ô10−7 M9 �4 %G+

,. Fig. 4� ¤û� 0123ìíN ���� Mahalanobis

Fig. 1. Fluorescence spectra of thirty eight mixtures contain-
ing different amounts of tryptophan, tyrosine in aqueous
media: excitation wavelength, 257 nm; pH, 9.5.

Fig. 2. Plots of eigenvalue versus the PC number.

Fig. 3. Plots of PRESS versus the numbers of PC from cross
validation analysis of the 32 sample set for PCR model.
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»ÀN Y#�� ñò��� ê�+� õ ��[9 U

·S %G( 19� %G�M:, F-ratio= 1.0 ��� �

� =>( �� ��[9 � õ U·S ��4

19�, 26� %G�M:, Y#S F-ratioN ���� F-

U&� ê�+� õ� ��4 U·C> ��,. ½¾

?, �� U·)� a�? =8 ��c �4 F-ratio

N ��c )��� ��,.

PLS1 ��. Trp� &'� Jc �W� PLS1 ��

OP� *�X J�� �íU&(cross validation)�&�

�ê�� PRESSN *:, Fig. 5� ¤û§M,.

Fig. 5�? ü � Eý� �¤� ���� ���

õ� PRESS= 2F� ���� ��� õ� PRESS

�, �:, 3F � 4F� ���� ��� õ�

PRESS( ,% r=�+>« 5F� ���� ���~

,% ú ��N �+,. PRESS( ���� �= r=

e�Õ r=³ ��N »��~? ���� �= 17Á

õ�> ���,= ���� �= 17�?�² 20�>

??� r=c,. ���� �= 20Á õ�²( Á&c

�� =s,. Fig. 5� ¤û� PRESS5� ���� F-

U&(α=0.01)� �ê�+� õ PRESS� \	= Ã,

¾: e � E( ���� �( 5�M,.

Tyr� &'� Jc �W� PLS1 ��OP� *�X

J�� �íU&�&� �ê�� PRESSN *:, �

ï�N Fig. 6� ¤û§M,. Fig. 6�? ü � Eý�

���� �= 5Á õ�> ���| ���,= 6�²

���| r=�+,. ���� �= 16Á õ�²( Á

&c �� ¤û�,. Fig. 6� ¤û� PRESS5� ��

�� F-U&� �ê�+� õ PRESS� \	= Ã,¾

: e � E( ���� �( 4�M,.

Trp³ Tyr� �c PLS1 ��OP�?� ��� U

·�X J�� 0123ìíN *:, � ï�N Fig.

7� Fig. 8� ¤û§M,. Fig. 7�? ü � Eý� 19

� %G= =8 ú 0123ìíN ¤û§M,. 19�

%G( Trp� AB= ÏÏ 3.30Ô10−7 M9 �4 %G+

,. Fig. 7� ¤û� 0123ìíN ���� Mahalanobis

»ÀN Y#�� ñò��� ê�+� õ ��[9

U·S %G( 19�, 26� %G�M:, F-ratio= 1.0

��� �� =>( �� ��[9 � õ U·S

��4 19� %G�M:, Y#S F-ratioN ����

F-U&� ê�+� õ� U·S ��4 ÃM,. Fig.

8�?( 19� %G= =8 ú 0123ìíN ¤û§

M,. 21� %G( Trp³ Tyr� AB= ÏÏ 3.30Ô10−7

Fig. 4. Plots of spectral residual versus sample number.

Fig. 5. Plots of the calculated PRESS using the PLS1 model
of Trp versus the numbers of PC from cross-validation anal-
ysis of the 32 samples.

Fig. 6. Plots of the calculated PRESS using the PLS1 model
of Tyr versus the numbers of PC from cross-validation anal-
ysis of the 32 samples.
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M9 �4 %G+,. Fig. 8� ¤û� 0123ìíN

���� Mahalanobis»ÀN Y#�� ñò��� ê

�+� õ ��[9 U·S %G( 19�, 26� %G

�M:, F-ratio= 1.0 ��� �� =>( �� ��

[9 � õ U·S ��4 19� %G�M:, Y#

S F-ratioN ���� F-U&� ê�+� õ� U·S

��4 ÃM,.

PLS2 ��. PLS2 �&� �W� ��OP� *�

X J�� �íU&� �ê�� PRESSN *:, Fig.

9� ¤û§M,.

Fig. 9�? ü � Eý� ���� �= r=e�Õ

PRESS( íW[9 ��R� � � E:, ����

�= 8Á õ�² PRESS= Á&c �� =s,. Fig. 9

� ¤û� PRESS5� ���� F-U&� ê�+� õ

PRESS� \	= Ã,¾: e � E( ���� �( 7

�M,.

PLS2 ��OP�?� ��� U·�X J�� 0

123ìíN * :, � ï�N Fig. 10� ¤û§M

,. Fig. 10�? ü � Eý� 17� %G= =8 ú 0

123ìíN ¤û§M,. Fig. 10� ¤û� ï�N �

��� Mahalanobis »ÀN ���� ñò��� ê�

+� õ ��[9 U·S %G( 17� %G�M:,

F-ratio= 1.0 ��� �� =>( �� ��[9 

� õ U·S ��4 17� %G�M:, Y#S F-

valueN ���� F-U&� ê�+� õ� U·S ��

4 ÃM,.

����. ��OP� U&� J�� T� U&¸

2� ÍÖAB³ ��OP� ���� ���� /�

� ABN Y#�+:, &'ï�� &�BN ¤û§(

Fig. 7. Plots of the calculated spectral residual using the
PLS1 model of Trp versus sample number.

Fig. 8. Plots of the calculated spectral residual using the
PLS1 model of Tyr versus sample number.

Fig. 9. Plots of the calculated PRESS using PLS2 model ver-
sus the numbers of PC from cross-validation analysis of the
32 sample set for PLS2.

Fig. 10. Plots of spectral residual versus sample number to
PLS2 model.
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RSEPa³ RSEPmB Y#�+[k � ï�N Table 1�

Table 2� ¤û§M,.

T�U&¸2( ;&c 38F� 01235 a�? �

pJ9 6FN �·�� *��+,. Table 1�( Trp�

&'ï�N ¤û§M,. Table 1�? ü � Eý�

PCR� ��� *c ���� /�� RSEPa� 8.2%9

=8 ú �� =>:, PLS2� ��� *c ���� /

�� RSEPa� 5.6%9 �í= =8 pß� � � E,.

Table 2�( Tyr� &'ï�N ¤û§M,. Tyr� ��

�B Trp³ Z4 ï�N Û,. PCR� ��� *c �

��� /�� RSEPa= 8.9%9 =8 ú �� =>:

PLS2� ��� *c ���� /�� RSEPa= 3.8%9

�í= =8 Wß� � � E,. �n���� /��

&'ï� �c ��OP� &�BN ó=�X J��

RSEPm� *�+,. PCR� ���� *c �n ���

� /�� RSEPm4 8.6% �M:, PLS1� ���� *

c �n ���� /�� RSEPm4 5.1% �M[k,

PLS2N ���� *c �n ���� /�� RSEPm4

4.6%�M,. RSEPm� ï�B ��=> PLS2= =8

�í= Wß� ¤û§: E,.

� �

Trp³ Tyr� �0123� ?9 ��>« ,\'

���f PCR, PLS1� PLS2N ���� Trp³ Tyr�

&' e � E,. 0123ìíN ���� ÏÏ� )

��? Mahalanobis »À� �c ñò���, F-ratio

� F-U&[9 ��� U·�+� õ F-ratioN ��

�( )�� =8 ��c )��M,. Ï U&)�[9

U&%G� ABN �;�:, RSEPa³ RSEPmN *

� õ PLS2� ��� �;c Trp³ Tyr� AB= =8

p4 RSEPa³ RSEPm� ¤û§M,.
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