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Tab. 2  The relative percentages of vidarabine monophos- 

phate in mixture under 6 different conditions(n=3)      % 

tu uv 

wx 

��/h 

5 � 25 � 35 � 5 � 25 � 35 � 

 0 100.00 100.00 100.00 100.00 100.00 100.00 

 1 99.87 99.88 99.86 99.85 99.86 99.58 

 2 99.89 99.87 99.88 99.87 99.85 98.68 

 4 99.85 99.84 99.87 99.85 99.83 97.91 

 6 99.86 99.85 99.84 99.84 99.86 95.97 

 8 99.85 99.86 99.87 99.83 99.82 94.44 

24 99.84 99.83 99.85 99.12 99.01 88.62 
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ABSTRACT: OBJECTIVE  To analysis berberine hydrochloride in Berberis heteropoda skin combined near infrared diffuse 

reflection optical spectra with partial least squares(NIR-PLSR). METHODS  Establish a method of NIR diffuse reflectance 

optic-fiber spectroscopy combine with PLSR to analysis berberine hydrochloride in Berberis heteropoda skin. RESULTS  The 

root-mean-square error of cross-validation(RMSECV) of the berberine hydrochloride in Berberis heteropoda skin was 0.810 2, 

the correlation coefficients was 0.987 1, the average recycle rate was 101.4%. Statistical test was used to analysis the dates and it 

showed that the difference between NIR prediction values and the values determinated by standard methods had no statistical 

significance. CONCLUSION  It indicates that NIR diffuse reflectance optic-fiber spectroscopy combined with PLSR method 

could be used in rapid determination of the content of berberine hydrochloride in Berberis heteropoda Schrenk.  

KEY WORDS: Berberis heteropoda Schrenk; near infrared reflectance spectroscopy(NIRS); partial least-squares regression 

(PLSR) 
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1.1  ¿À�Á 

	
6(�ÂÃÄ��/�e�ÅÆÇ�5�È

98%�ÉÊÈMUST-10092001)Ë71É��	
º

Ìv�ÌvÍÎÏÐ 1�ÑÒ(Chromadex��dÓ)Ë

ÔÕ(Chromadex��dÓ)ËÖ¼×Ø(ÙÚÛÜ
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ÞÓ)Ëßàáâ¼ã(ÙÚÛäåT�¿Àæ�
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Tab. 1  Sample origin and medicinal parts information 

� ¡¢J £V ¤X 

����¥)¦§¨ 5 1~5 

©ª &«¨ 5  6~10 

����¬¦§¨ 5 11~15 

����®¦«¨ 5 16~20 

����¯°¦«¨ 5 21~25 

����¯°¦§¨ 5 26~30 

�����¦«¨ 3 31~33 

����f%§¨ 3 34~36 

�±²�³¦«¨ 5 37~41 

�±²�³¦§¨ 5 42~46 

©ª &§¨ 5 47~51 

�±²´µ¶§¨ 5 52~56 

�����¦§¨ 5 57~61 

�±²�³¦§¨ 5 62~66 

�±²·¸¹º§¨ 5 67~71 

1.2  éê 

NIR Quest`+bcëcdé(�H InGaAsì

íê)(QP600-2-VIS-NIRcë(ISP-REFî��(ï

ðñòó )4aôõ�ö÷c�ÆÇËGBC 

Cintro-40 øb¥Ï�ccùú(û1�ü GBC �

�éêÆÇ )Ëý_þ��dé (�¯�Ú�

LC-20AB ��SPD-20A øb���ìíê�

Inertsil-ODS-SP�d��Lcsolution�d�G�)Ë

KQ-200KDE ý	
2�ç���ê(��Ûç

�éê�ÅÆÇ )ËAB135-S ��Ù� (��

METTLER TOLEDO)Ë2� F~��4���

���ú���� Unscrambler X 10.2���(õ

���ÆÇ)� 

2  	
 

2.1  Ìv`+b²³´cdjÍÎ�� 

Ìv�������� 60 !�"�Ìv#
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50 ms�+,�422� 20 2�34Ìv+, 3

2�<5�4cdG�Ìvcd��� 714��

	
ºÌvj`+b²³´cd6�h786Ï

6 1� 

 

� 1  ����  

Fig. 1  The raw NIR spectra  

2.2  ���jí} 

2.2.1  �d*�9:�;HP   �d��

Inertsil-ODS-SP(4.6 mm<15 cm�5 µm)Ë=>��

ÔÕ-0.05 mol·L

−1
Ö¼×Øè?þ(3 100 mL8

0.1 gßàáâ¼ã)�@ù�AÈ0~25 min�30%

B46%ÔÕËøbìí��� 345 nmË=¾�

1.0 mL·min

−1
Ë�C� 30 D��Ì�� 10 µL�F

EF2g»¼	
6úG�H4 000��Iù>1.5�

J$KL�MNOP� 0.95~1.05Q/� 

2.2.2  URv?þST  UVW5	
6URv

;��8ÑÒS�3 1 mL5 10.01 µg	
6jU

Rv?þ� 

2.2.3  X¿v?þST  UVW5��	
º�

Y(� 60 !)� 0.2 g�8 40 mLÑÒ�WZ�ç

�[5 30 min�\]^Z�5_þ�g 0.22 µm

`Z�`��X¿v?þ� 

2.3  ¶·}���¸¹ 

� 71a��	
ºÌvb��� 2�Ècd

�%eí��h� 60aG�cdÌv��H!¶

·í}��	
ºÌv�»¼	
65�j}�

��cd¸¹�11 aG�eíÌv��H!fg

�¶·cd¸¹jeí¢h��H Unscrambler X 

10.2 ����cd F<¶·2�¸¹�ijU

klcd�� PLSR ��~ PCR ���gm�n

ofg����úG�����	
ºÌv�»

¼	
65�jnofgeíp�<9T�í�

p��qr�st9T�í�p«�r1jÌv�

uvÌv"H!¸¹¶·��Hwxe F��

Uklcd��e F(yzwxjcd{o(

|ðwxjOP2a}~¸¹j��Oò���

qr¸¹�2nofg4�8��(RMSECV)%

eíp9T�í�p/j�t:2(Rv)��eí

_��¬�¤}¬k¸¹� 

3  �� 

3.1  Ìv��/65��ú§� 

��2.2�����í�j»¼	
65�Ï

Ð 2�cd�%eí�Ì¯�/65���-.Ï

Ð 3� 

� 2  �������� 

Tab. 2  Results of content determination in samples 

xj» ¤X 


�/ 

mg·g

−1
 

¤X 


�/ 

mg·g

−1
 

¤X 


�/ 

mg·g

−1
 

1 2.87 26 3.91 51 7.69 

3 1.75 27 3.01 52 9.73 

4 2.47 28 3.87 53 9.44 

5 1.54 29 3.75 54 9.67 

6 22.29 31 19.46 55 8.59 

7 23.19 32 19.94 57 9.8 

9 22.36 33 19.18 58 9.78 

10 21.29 34 11.17 59 9.75 

11 8.93 35 11.51 60 9.82 

12 8.92 37 16.08 61 9.85 

13 9.49 39 16.46 62 11.03 

14 8.91 40 15.72 63 9.52 

16 25.65 41 15.43 64 9.43 

17 25.78 42 11 65 8.59 

18 25.69 43 10.97 66 9.27 

19 24.72 44 10.99 67 2.28 

20 24.77 46 11.08 69 2.96 

21 22.3 47 7.91 70 2.87 

23 21.45 48 8.04 71 3.02 

24 20.49 49 7.96   

¼ 

½ 

» 

25 22.00 50 8.02   

2 2.69 30 3.86 56 8.71 

8 23.45 36 12.16 68 3.08 

15 9.75 38 16.26   

¾ 

¿ 

» 

22 21.99 45 10.96   
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Tab. 3  The statistics of berberine hydrochloride content in calibration set and validation set 

xj» À S xÁV Â�Ã/mg·g

−1
 Â�Ã/mg·g

−1
 YZÃ/mg·g

−1
 ÄÅÆÇ/mg·g

−1
 ÈÉÊË/% 

¼½» Ì~�ÍÎ 61 25.78 1.54 12.06 24.24 7.16 

¾¿» Ì~�ÍÎ 10 23.45 2.69 11.29 20.76 7.41 

 

3.2  PLSR}���¸¹j¶·9�� 

�!Ìv�`+bcd{oj��qr��

<J��r�������d�Z7�Z��H

��cd������Uh��}����PLSR

��OP���cdj���/2�(��r�

��/2���kl`+bcd�������

�cd���U���jµFy5�st�ÐK

L��%KLOòj�����y5�Hj��

��9���2j©ª

[11]

� 

��	
ºÌv��Å�O��Hï$n 

fgj��a��¸¹�g RMSECV % Rv ��

eí_��¡ Rv ¢£` 1 J RMSECV ¢	1¸

¹¬¤�O¥�¦�2.1�����$Ìvj NIR

cd§��H Unscrambler X 10.2���j6de

 F�� F�d6(860~2 500 nm)�g PLSR�

�T�ú��úG�yz��¨©¬¤OP2¶

·`+b}���¸¹�¬�¸¹�2ÏÐ 4� 

� 4  '()*+,- 

Tab. 4  The final model parameter table 

ÏV3 ÐÑ�ÍÒÓ 

xjV 61 

uÔV 61 


�ÆÇ/mg·g

−1
 1.54~25.78 

ÕÖ×ØÆÇ/nm 866.9~2 400 

uÔ¾ÙÚ\Û �Ü¼½ 

ÝÞV 7 

Rv 0.987 1 

RMSECV 0.810 2 

 

� 2  �� !".�/���/012345 

Fig. 2  Correlation diagram of HPLC-NIR measured values 

for berberine hydrochloride 

�6 2 ��ª«Ð¬�£�� HPLC í}

��jÌv®¯5��°«Ð¬m�nofg1

34Ìvj¸¹eí5��¥Ï¡¸¹e F�

��á�cd1���	
º�»¼	
6}�

��¸¹j±��2�OP2=7�Rv=0.987 1�

RMSECV=0.810 2�¸¹=�²³jeí¢h� 

3.3  ¸¹��Oòj}~ 

3.3.1  6de F��j��~yz  `+bc

dé���j`+bklcd��tÌv��Í

Îb�´µ5±�¶��·¸¶�j¹�ºUc

d¸¹jP¢%eí¢hz�wx»ùj���

�¼½¾¿Àt·¸¶�jKL�Á �Hµ;

j��Uklcd��e F�g[ý¸¹je

í¢h�klcd~e F§cd�¶·}�¸

¹�2§�ÏÐ 5� 

� 5  67��.89:;<�� !"��)*2=> 

Tab. 5  The performance parameters of the established 

models of berberine hydrochloride via different spectra 

pretreated methods 

Ì~�ÍÎ 

ßÔ¾ÙÚ\Û 

ÝÞV Rv RMSECV 

àáuÔ 7 0.981 6 0.968 8 

âLYã 7 0.976 3 1.100 0 

RäT�¼½ 7 0.975 5 1.118 0 

ÈÉ½åæç 7 0.977 8 1.066 0 

�Ü¼½ 7 0.982 5 0.944 5 

(èéV 4 0.975 6 1.116 4 

êèéV 7 0.977 2 1.078 5 

(èéV+RäT�¼½ 5 0.978 7 1.042 6 

(èéV+ÈÉ½åæç 5 0.979 3 1.029 0 

(èéV+âLYã 4 0.968 2 1.274 4 

(èéV+ÈÉ½åæç

+âLYã 

4 0.954 9 1.518 9 

��qr 11�e F�����	
º�»

¼	
6}�¸¹j¬¤6de F���á�

cd�klcd6�¬¤e F§6dÏ6 3� 

3.3.2  cd-.j��~yz  ��-.jyz

¥g�cd�jw�tÍÎst�¼�±�Â 

OòUcdj���Ã�ÄTcd¸¹�Å�

¸¹jeí¢h%Æ}P

[12]

�}~wxcd-.

U¸¹eí_�j���§�ÏÐ 6� 
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� 3  ?@��.89ABCD��� 

Fig. 3  The NIR spectra of baseline pretreatment 

� 6  67��%&<�� !"��)*2=> 

Tab. 6  The effect of different spectral range of quantitative 

model 

Ì~�ÍÎ 

¤X uÔÆÇ/nm 

ÝÞV Rv RMSECV 

1 ë×Ø 7 0.982 5 0.944 5 

2 1388~2430 6 0.950 9 1.584 1 

3 

870~1 200 ì 1 600~ 

1 890 ì 2 000~2 400 

7 0.980 7 0.992 6 

4 866.79~2 400 7 0.987 1 0.810 2 

5 1 000~2 300 6 0.961 8 1.398 2 

6 1 000~2 482.9 7 0.981 7 0.966 2 

3.3.3  PLSR ¸¹OP2yz  PLSR ¸¹OP2

jyz� PLSR�¶¸�j�4Z ��Oò��

¶¸1yzOP2j�Çº��¸¹jeí¢

h�yzOP2���ÈÉjKLÍÎÊºÅ8�

Ë��ùÌµ�¸¹eí¢h�ÍËyzOP2

�Ç�ºË�ÌµwÎ��cdÍÎw¢m�Ð

ÏÐÌvjÍÎ�̧ ¹eíj£¤ù�º�Í

[13]

�

¶¸1�¡ RMSEP¬	1U�jOP2�¬¤O

P2�á�cde Fcd¶·j PLSR}���

¸¹j¬;OP2� 7�¥1�U�j RMSEPp¬

	�OP2U�j RMSEPpj§�ÏÐ 7%6 4� 

� 7  ?@��.89��EF2 PLSR )*GHI,<

J2 RMSEP/ 

Tab. 7  The RMSEP corresponding to the PCs of PLSR 

model established by baseline pretreatment 

ÝÞV RMSEP ÝÞV RMSEP 

1 5.678 1  6 1.860 3 

2 4.615 5  7 1.054 7 

3 3.979 6  8 1.135 9 

4 2.728 6  9 1.235 7 

5 2.360 0 10 1.258 4 

 

� 4  PLSRE)HI,< RMSEP2=> 

Fig. 4  Relational graph of PCs and RMSEP 

3.4  ¸¹j���fg 

3.4.1  ��ÑP��  }�¸¹jÑP��

�:ÒÓIaÔÕj�g:ÒÓI9Å}p�q

j��aìfÌvj�ÖP�x1í}× 5 ÉØ

Ù�h:ÒÓI41!Å}p�qÚ}��Ö�

Û&¯��í}��	
º=�r³jÑP� 

3.4.2  �P  �cd�j`+b��í}§�U

HPLC jí}§�G�tPqr�»¼	
6

r=0.987 1�Ð&»¼	
6� 1.54~25.78 mg·g

−1

j-.ï�P²³� 

3.4.3  UVù  5x�aÌv�Z�+, 5 2�

��¶·j NIR }���¸¹úGh5��h

RSD� 0.86%� 

3.4.4  £¤ù  �eí�j`+b��í}§�

U HPLCjí}§�G�tPqr�§�ÏÐ 8�

<U§��� tìf�2����í�j§���

$�ú�ÜÝ� 

� 8  .���� NIR.���� HPLC����2KL 

Tab. 8  Comparison of HPLC-NIR measured values for 

prediction set 

¤X 

HPLC/ 

mg·g

−1
 

NIR/ 

mg·g

−1
 

íîÊË 

¾¿ï 

�	/% 

YZï 

�	/% 

1 2.69  2.52  0.17  93.68  

2 23.45  23.24  0.21  99.09  

3 9.75  10.96  −1.21  112.39  

4 21.99  21.51  0.48  97.83  

5 3.87  3.22  0.65  83.20  

6 11.17  12.85  −1.68  115.04  

7 16.26  16.97  −0.71  104.37  

8 10.96  10.80  0.16  98.55  

9 8.71  8.40  0.32  96.38  

10 3.08  3.49  −0.41  113.43  

101.4 

3.4.5  Z�P  5x�Ìv�� 6a��'+, 3

2�5�4cd�H��j¬kcd¸¹eíh

5��§�\¬�eípj RSD � 2.21%�Û&
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