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Abstract
Teicoplanin (TCP) is a multiple drug-resistant lipoglycopeptide antibiotic produced by fermenting
Actinoplanes teichomyceticus. In this study, a mixture of TCP with the Tris-HCl buffer (TCP-TrisHCl) was used to simulate TCP fermentation broth. The reagent-free, rapid and simultaneous quantitative analysis models for TCP and Tris in the TCP-Tris-HCl mixtures were established by nearinfrared (NIR) spectroscopy. The equidistant combination partial least squares (EC-PLS) method
and the equivalent model sets were proposed, the simplest equivalent model with the smallest
number of wavelengths were further selected. The initial wavelength, number of wavelengths,
number of wavelength gaps, number of PLS factors were 1520 nm, 28, 5, 5 for TCP and 1084 nm,
13, 6, 4 for Tris, respectively. Compared with the optimal EC-PLS models, the simplest equivalent
models adopted fewer wavelengths. Thus, the redundant wavelengths were removed, the models
were further simplified. The root-mean-square errors (SEP) and correlation coefficients (R P) for
prediction were 0.043 mg∙mL−1 and 0.9998 for TCP, and 0.222 mg∙mL−1 and 0.9989 for Tris, respectively. The results indicate that NIR method can be applied to highly accurate quantitative analysis
for TCP and provide valuable references for further application to TCP fermentation broth.
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1. Introduction
Teicoplanin (TCP) is a multiple drug-resistant novel lipoglycopeptide antibiotic produced by the fermenting of
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Actinoplanes teichomyceticus [1]. TCP has the strong bacteriostasis activeness to Gram-positive aerobic bacteria
and anaerobion. In particular, for the infection caused by methicillin-resistant Staphylococcus aureus [2], it
shows good effects. Compared with vancomycin, which is another antibiotic with good clinical effect, TCP has
equal or better efficacy in antibacterial activity, lower toxicity and a more convenient and efficient administration route [3]. Accordingly, TCP has significant economic worth and application perspective. During the fermentation process of TCP, the real-time measurement of TCP and other various components (such as biomass,
nutrients, metabolites, etc.) is indispensible to quality control for fermentation. In addition, in pharmacokinetic
studies, the measurement of blood TCP concentration is very important [4] [5]. Therefore, it is necessary to establish a reagent-free and rapid measurement method for TCP concentration in a mixed system (e.g. fermentation broth or blood). At present, high-performance liquid chromatography (HPLC), liquid chromatography-mass
spectrometry and microbiological assay [6]-[8] are the existing methods for TCP measurement. These methods
are in need of lots of reagents and lengthy run times so that they are unsuitable for rapid measurement of TCP.
As a rapid, non-destructive, eco-friendly and cost-effective analytical technique, near-infrared (NIR) spectroscopy has been extensively used in agriculture [9]-[11], food [12], environment [13] [14], medicine and
pharmaceuticals [15]-[18] and many other fields. It primarily reflects the absorption of overtones and the combination of the vibrations of the X-H functional groups (such as C-H, O-H, and N-H). TCP molecular contains
the C-H, O-H, and N-H functional groups, which had significant NIR absorption. In this study, we aimed to explore the feasibility of the reagent-free and rapid quantitative analysis of TCP with NIR spectroscopy.
The Tris-HCl buffer, which is often used in biochemistry and molecular biology experiments for its stable
nature, is suitable for use in simulating the physiological environment of a living body, such as the enzyme reaction in cell sap [19] [20]. In this study, a quantitative analysis of a mixture of TCP with the Tris-HCl buffer (denoted as the TCP-Tris-HCl mixture) was performed. The Tris-HCl buffer is used to simulate the background
liquid of TCP, which provides a reference to further application for quantitative analysis of TCP. The mixture
samples were prepared with different concentrations of Tris to make them suitable for different backgrounds.
The simultaneous quantification of TCP and Tris was achieved.
NIR spectra are generally composed of relatively week and highly overlapping bands. A multivariate calibration method must be used for quantitative analysis of NIR spectra. In parallel with chemometric developments,
the reagent-free NIR analysis method shows substantial potential in drug monitoring. Partial least squares (PLS)
has been proven an effective method to extract information and overcome spectral colinearity. However, the
prediction effect of PLS is difficult to improve when the signal-to-noise ratio of a waveband is not adequately
high [9] [11] [12] [14] [16]. An appropriate wavelength selection is a key, albeit difficult, technical aspect for
the rapid, reagent-free measurement of a complex system with NIR spectroscopy.
Moving window PLS (MW-PLS) is a well-performed and PLS-based method with wavelength selection in
the study of many objects [9] [11] [12] [14] [16] [21]. However, continuous-mode models based on MW-PLS
typically lead to high model complexity. Based on the achievements of MW-PLS and multiple linear regression
(MLR), the equidistant combination MLR (EC-MLR) was proposed in our previous study [11]. The EC-MLR
method has lower degree of freedom and lower computational complexity, which inherits the merits of both the
continuous and discrete modes. Given that the PLS method is widely and easily used, and has better prediction
effect than the MLR method in the case of the same wavelength combinations, in this study, EC-MLR was improved to equidistant combination PLS (EC-PLS) to achieve the appropriate wavelength selections for TCP and
Tris. In fact, from an algorithm perspective, the EC-PLS covers the MW-PLS in the wavelength screening. In
addition, a frame of equivalence model set was established in statistical sense and the simpler effective models
were further obtained.

2. Materials and Methods
2.1. Experimental Materials, Instruments, and Measurement Methods
TCP standard products were purchased from National Institutes for Food and Drug Control (Beijing, China).
Tris was analytical reagent. TCP-Tris-HCl mixtures were prepared to simulate TCP fermentation broth.
Given that the concentration of TCP can reach to 3.2 mg∙mL−1 with the pH values of approximately 7.0 to 7.5
[22] [23], the samples were made up in following specific steps: 1) Ten Tris-HCl buffer solutions (100 mL−1), in
the same pH values of 7.3, were prepared using Tris, double-distilled water and 1 N hydrochloric acid. These
solutions, in which the concentration of Tris was 13 - 40 mg∙mL−1, were numbered 1 - 10 in ascending order of

461

J. Zhang et al.

Tris concentration. 2) Seventy two TCP aqueous solutions were prepared using TCP standard products and
double-distilled water, in which the concentration of TCP was 0.681 - 19.626 mg∙mL−1, and numbered 1 - 72 in
descending order of TCP concentration. 3) Starting from the 1st sample to the 70th in accordance with the order,
1 sample was taken out every 9th. The extracted 7 samples formed the 1st group, then the 2nd group until the 9th
one in the same cluster sample method. By the analogy, they were 9 groups prepared. The remaining 9 samples
composed the 10th group. So far the TCP concentration of each group was in a decending order. 4) Seventy two
TCP–Tris–HCl mixtures were prepared by TCP aqueous solutions (0.4 mL) from 1 group and Tris–HCl buffer
solutions (0.4 mL) which number were corresponded.
A uniform statistic distribution of the concentrations of TCP and Tris in the 72 mixture samples was found.
The concentrations for 72 mixture samples ranged from 0.338 mg∙L−1 to 9.805 mg∙L−1 for TCP, 6.272 mg∙L−1 to
20.561 mg∙L−1 for Tris, and the mean value and standard deviation were 4.114 and 2.225 mg∙L−1 for TCP,
13.438 and 4.505 mg∙L−1 for Tris, respectively, which were used as the reference values for the calibration modeling of NIR spectroscopic analysis.
All samples were used for spectrometry measurement. Spectra were collected using an XDS Rapid Content TM
Liquid Grating Spectrometer (FOSS, Denmark) equipped with transmission accessory and a 2 mm cuvette. The
scanning range spanned from 400 - 2498 nm with a 2 nm wavelength interval, including the entire NIR region
and a large part of the visible region. Wavebands of 400 - 1100 and 1100 - 2498 nm were used for Si and PbS
detection, respectively. Each sample was scanned in triplicate, and the mean value of the three measurements
was used for modeling. Spectra were recorded at 25˚C ± 1˚C and 46% ± 1% relative humidity.

2.2. Calibration and Prediction Process
A calibration and prediction process was performed to achieve the goal of modeling optimization. All samples
were divided into the calibration (40 samples) and prediction (32 samples) sets. In order to ensure modeling representativeness and integrity, the calibration and prediction sets must cover the concentration ranges of the two
indicators, and the distribution must be uniform. The root-mean-square errors (SEP) and correlation coefficients
(RP) for prediction were calculated, respectively. Calculation formulas are as follows:
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where n was number of prediction samples; C i , Ci were the actual and predicted values for ith sample, respectively, i = 1, 2, , n ; The mean actual and predicted values of all samples were denoted as C Ave , C Ave , respectively. SEP and RP were used to evaluate prediction accuracy of a PLS model. A smaller SEP value indicated
higher prediction accuracy, and a larger RP value indicated higher prediction correlation. The model parameters
were selected to achieve minimum SEP.

2.3. EC-PLS Method
EC-PLS method employed moving-window mode to select an appropriate combination of equidistant wavelengths to establish PLS model, the search parameters were set as the follows: 1) initial wavelength (I), 2) number of wavelengths (N), 3) number of wavelength gaps (G), and 4) number of PLS factors (F). The search range
covered the entire scanning region, but it can also be reduced according to the actual conditions. The total number of wavelengths for the search range was set as N *. Therefore, N can be set as 1 ≤ N ≤ N * and also appropriately reduced to N min ≤ N ≤ N max , where 1 ≤ N min ≤ N max ≤ N * according to actual algorithm running time;
While G can be set as 1 ≤ G ≤ N * − 1 and also appropriately reduced to Gmin ≤ G ≤ Gmax , where
1 ≤ Gmin ≤ Gmax ≤ N * − 1 according to actual algorithm running time. Then the following equality was fitted for
arbitrary I, N, and G:
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I + ( N − 1) G ≤ N * .

(3)

The combination of parameters (I, N, G) corresponded to a continuous waveband when G = 1, which corresponded to MW-PLS method. Therefore, EC-PLS is the promotion of MW-PLS in term of the algorithm.
In this study, the parameters I, N, G, and F were set as I ∈ {400, 402, , 2498} , N ∈ {1, 2, , 200} ,
G ∈ {1, 2, ,10} and F ∈ {1, 2, , 20} , respectively. PLS model for each combination (I, N, G, F) was established. The global optimal PLS model was selected according to the following expression:

SEP* = min SEP ( I ,N , G, F ) .

(4)

I , N ,G , F

The number of PLS factor (F) is an important parameter that corresponds to the number of integrated spectral
variables. The selection of a reasonable F is necessary but difficult [9] [11] [12] [14]-[16]. For any fixed combination of parameters (I, N, G) = (I0, N0, G0), the optimal F was determined according to the following expression:

(

)

SEP ( I 0 , N 0 , G0 ) = min SEP I 0 , N 0 , G0 , F .
F

(5)

On the other hand, due to the cost and material properties, the instrument design typically involves certain limitations of the position and number of wavelengths. At some instances, the demand of actual conditions is not
met by the global optimal waveband. Therefore, local optimal wavebands that correspond to different positions
and numbers of wavelengths are significant. For any fixed I = I0, the local optimal model was selected according
to the follows:

SEP ( I 0 ) = min SEP ( I 0 , N , G, F ) .
N ,G , F

(6)

For any fixed N = N0, the local optimal model was selected according to the follows:

SEP ( N 0 ) = min SEP ( I , N 0 , G, F ) .
I ,G , F

(7)

And for any fixed G = G0, the local optimal model was selected by:

SEP ( G0 ) = min SEP ( I , N , G0 , F ) .
I ,N ,F

(8)

2.4. Equivalence Model Set
As mentioned, the global optimal wavelength combination can be selected according to min SEP. However, the
models with insignificantly fluctuating prediction accuracy are statistically equivalent because the samples are
random and limited. Therefore, the optimal SEP value can slowly increase. The equivalence model set that corresponds to a certain percentage (α) was expressed as the follows:
=
Ωα

{( I , N , G, F ) | SEP ≤ SEP* (1 + α )} .

(9)

The α value was set through simulation experiments based on the actual data. From the obtained equivalent
model set Ωα , the simplest equivalent model with the smallest number of wavelengths was further selected.
The computer platform in this study was developed with Matlab 7.6 software.

3. Results and Discussion
3.1. Full PLS Models
The NIR spectra of 72 samples of TCP-Tris-HCl mixture in the entire scanning region (400 - 2498 nm) are illustrated in Figure 1. As indicated in the Figure 1, the peaks located around 1400 nm and 1900 nm were caused
by absorption of water molecules [14] [15], the other peak appeared at 2350 to 2500 nm could be caused by saturate absorption of the samples, which could lead to strong spectral noise interference.
Based on the entire scanning region, the full PLS models for the analyses of TCP and Tris were first established. The model parameters and prediction effects (SEP, RP) are summarized in Table 1. The RP values both
achieved above 0.9723. However, the number of the adopted wavelengths (N) was 1050, which led to high
model complexity.
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Figure 1. Spectra of 72 samples of TCP-Tris-HCl mixture in entire scanning region.
Table 1. Parameters and prediction effects of the full PLS models, the optimal EC-PLS models and the simpler equivalent
models for TCP and Tris.
Methods

Indicator

I

TCP

Full PLS

Simplest equivalent models

G

F

SEP (mg∙mL−1)

RP

14

0.506

0.9723

400

1050

1

7

0.372

0.9970

TCP

1508

62

3

7

0.041

0.9998

Tris

1106

27

4

6

0.206

0.9990

TCP

1520

28

5

5

0.043

0.9998

Tris

1084

13

6

4

0.222

0.9989

Tris

Optimal EC-PLS

N

3.2. Optimal EC-PLS Models
EC-PLS was performed to improve prediction effect and reduce model complexity. The obtained optimal parameters I, N, G, and F were 1508 nm, 62, 3, 7 for TCP and 1106 nm, 27, 4, 6 for Tris, respectively. The parameters and prediction effects are also summarized in Table 1. Results showed that the optimal EC-PLS models
were obviously better than the full-PLS models, and the numbers of the adopted wavelengths (N) were significantly reduced.
The SEP values of the local optimal models for each I, N, and G are shown in Figure 2. The local optimal
models with prediction effects close to one of the global optimal models remain good choices, and they could
address restrictions for the position and number of wavelengths in instrument design.

3.3. Equivalence Model Sets for the Two Indicators
The method mentioned above was performed to select the equivalence model sets for the two indicators. The
global optimal SEP values (SEP*) were 0.041 and 0.206 mg∙mL−1 for TCP and Tris, respectively. The values of
α for the two indicators were both set as 0.08 through several simulation experiments, and the corresponding
equivalence model sets were expressed as the follows:
=
Ωα ,TCP

{( I , N , G, F ) | SEP ≤ 0.044} ,

(10)

=
Ωα ,Tris

{( I , N , G, F ) | SEP ≤ 0.222} .

(11)

where, the equivalence model set (10) included 21 models for TCP, the wavelength combination ranged from
1470 to 1890 nm; while the equivalence model set (11) included 27 models for Tris, the wavelength combination ranged from 988 to 1338 nm. Positions of the wavelength combinations are shown in Figure 3, starting
from left to right in the order of initial wavelength.

464

J. Zhang et al.

Figure 2. SEP of the local optimal models for each single parameter: (a) initial wavelength; (b) number of wavelengths; and
(c) number of wavelength gaps.

The simplest equivalent models were further selected. The parameters I, N, G and F were 1520 nm, 28, 5, 5
for TCP and 1084 nm, 13, 6, 4 for Tris, respectively. The corresponding wavelengths combinations were 1520,
1530, 1540, 1550, 1560, 1570, 1580, 1590, 1600, 1610, 1620, 1630, 1640, 1650, 1660, 1670, 1680, 1690, 1700,
1710, 1720, 1730, 1740, 1750, 1760, 1770, 1780, 1790 (nm) for TCP and 1084, 1096, 1108, 1120, 1132, 1144,
1156, 1168, 1180, 1192, 1204, 1216, 1228 (nm) for Tris, respectively. The parameters and prediction effects are
also summarized in Table 1. Compared with the optimal EC-PLS models (i.e., N = 62 for TCP and N = 27 for
Tris), the simplest equivalent models adopted less wavelengths (i.e., N = 28 for TCP and N = 13 for Tris). Thus,
the redundant wavelengths were removed and the models were further simplified. By the way, the abovementioned wavelength selections for TCP and Tris successfully avoided the noise wavebands with strong absorption of water molecules and saturate absorption of the samples.
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Figure 3. Positions of the wavelength combinations of each equivalence model set for: (a) TCP and (b) Tris.

Figure 4. Relationship between the predicted and actual concentrations of (a) TCP and (b) Tris.

Take the simplest equivalent models for the examples; the relationships between the predicted and actual values are illustrated in Figure 4. The figures show that the predicted and actual values had very high correlations
and very low errors for the two indicators. The results also indicated the feasibility of high accurate and simultaneous quantitative analysis of TCP and Tris with reagent-free NIR spectroscopy.

4. Conclusions
A rapid measurement method for TCP has a great significance and applied value in drug production monitoring
and pharmacokinetics measurement. In this study, a simultaneous quantitative analysis method of TCP and Tris
in the TCP-Tris-HCl mixture was established with reagent-free NIR spectroscopy.
The EC-PLS method and the equivalence model sets were proposed to select appropriate wavelength combinations, the simplest equivalent models were further obtained for NIR analysis of TCP and Tris. Compared with
the optimal EC-PLS models, the simplest equivalent models adopted fewer wavelengths. Thus, the redundant
wavelengths were removed, the models were further simplified. The results showed that the predicted values
were high correlated and in good agreement to the actual values. NIR spectroscopy combined with the proposed
wavelength selection method was successfully applied for reagent-free, accurate and simultaneous quantitative
analysis of TCP and Tris. The wavelength selection could provide a valuable reference for further application to
TCP fermentation broth. We believe that the methodological framework has such applicability and can be applied to other spectroscopic analysis fields.

Acknowledgements
This work was supported by the Science and Technology Project of Guangdong Province of China (No.

466

J. Zhang et al.

2014A020213016, No. 2014A020212445) and the Science and Technology Project of Guangzhou of China (No.
2011Y5-00002).

References
[1]

Parenti, F., Beretta, G., Berti, M. and Arioli, V. (1978) Teichomycin, New Antibiotics from Actinoplanes Teichomyceticus, Nov. Sp. I. Description of the Producer Strain, Fermentation Studies and Biological Properties. The Journal of
Antibiotics, 31, 276-281. http://dx.doi.org/10.7164/antibiotics.31.276

[2]

Borghi, A., Antonini, P., Zanol, M., Parenti, F., Zerilli, L.F. and Lancini, G.C. (1989) Isolation and Structure Determination of Two New Analogs of Teicoplanin, a Glycopeptide Antibiotic. The Journal of Antibiotics, 42, 361-366.
http://dx.doi.org/10.7164/antibiotics.42.361

[3]

Wood, M.J. (1996) The Comparative Efficacy and Safety of Teicoplanin and Vancomycin. Journal of Antimicrobial
Chemotherapy, 37, 209-222. http://dx.doi.org/10.1093/jac/37.2.209

[4]

Knudsen, J. D., Fuursted, K., Espersen, F. and Frimodt-Moller, N. (1997) Activities of Vancomycin and Teicoplanin
against Penicillin-Resistant Pneumococci in Vitro and in Vivo and Correlation to Pharmacokinetic Parameters in the
Mouse Peritonitis Model. Antimicrobial Agents and Chemotherapy, 41, 1910-1915.

[5]

Li, H., Wang, X., Dong, H.Y., Dong, Y.L. and Tian, G. (2011) Clinical Analysis of Therapeutic Drug Monitoring and
Drug Dosage for ICU Patients Treated with Teicoplanin. Chinese Journal of Clinical Pharmacology and Therapeutics,
16, 538-544.

[6]

Mochizuki, N., Ohno, K., Shimamura, T., Furukawa, H., Todo, S. and Kishino, S. (2007) Quantitative Determination
of Individual Teicoplanin Components in Human Plasma and Cerebrospinal Fluid by High-Performance Liquid Chromatography with Electrochemical Detection. Journal of Chromatography B, 847, 78-81.
http://dx.doi.org/10.1016/j.jchromb.2006.09.037

[7]

Fung, F.H.Y., Tang, J.C.Y., Hopkins, J.P.P., Dutton, J.J., Bailey, L.M. and Davison, A.S. (2012) Measurement of Teicoplanin by Liquid Chromatography-Tandem Mass Spectrometry: Development of a Novel Method. Annals of Clinical
Biochemistry, 49, 475-481. http://dx.doi.org/10.1258/acb.2012.011257

[8]

Chang, H.J., Hsu, P.C., Yang, C.C., Siu, L.K., Kuo, A.J., Chia, J.H., Wu, T.L., Huang, C.T. and Lee, M.H. (2012) Influence of Teicoplanin MICs on Treatment Outcomes among Patients with Teicoplanin-Treated Methicillin-Resistant
Staphylococcus Aureus Bacteraemia: A Hospital-Based Retrospective Study. Journal of Antimicrobial Chemotherapy,
67, 736-741. http://dx.doi.org/10.1093/jac/dkr531

[9]

Chen, H.Z., Pan, T., Chen, J.M. and Lu, Q.P. (2011) Waveband Selection for NIR Spectroscopy Analysis of Soil Organic Matter Based on SG Smoothing and MWPLS Methods. Chemometrics and Intelligent Laboratory Systems, 107,
139-146. http://dx.doi.org/10.1016/j.chemolab.2011.02.008

[10] Pan, T., Wu, Z.T. and Chen, H.Z. (2012) Waveband Optimization for Near-Infrared Spectroscopic Analysis of Total
Nitrogen in Soil. Chinese Journal of Analytical Chemistry, 40, 920-924.
[11] Pan, T., Li, M.M. and Chen, J.M. (2014) Selection Method of Quasi-Continuous Wavelength Combination with Applications to the Near-Infrared Spectroscopic Analysis of Soil Organic Matter. Applied Spectroscopy, 68, 263-271.
http://dx.doi.org/10.1366/13-07088
[12] Liu, Z.Y., Liu, B., Pan, T. and Yang J.D. (2013) Determination of Amino Acid Nitrogen in Tuber Mustard Using
Near-Infrared Spectroscopy with Waveband Selection Stability. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 102, 269-274. http://dx.doi.org/10.1016/j.saa.2012.10.006
[13] Sousa, A.C., Lucio, M.M.L.M., Bezerra Neto, O.F., Marcone, G.P.S., Pereira, A.F.C., Dantas, E.O., Fragoso, W.D.,
Araujo, M.C.U. and Galvao, R.K.H. (2007) A Method for Determination of COD in a Domestic Wastewater Treatment
Plant by Using Near-Infrared Reflectance Spectrometry of Seston. Analytica Chimica Acta, 588, 231-236.
http://dx.doi.org/10.1016/j.aca.2007.02.022
[14] Pan, T., Chen, Z.H., Chen, J.M. and Liu, Z.Y. (2012) Near-Infrared Spectroscopy with Waveband Selection Stability
for the Determination of COD in Sugar Refinery Wastewater. Analytical Methods, 4, 1046-1052.
http://dx.doi.org/10.1039/c2ay05856a
[15] Xie, J., Pan, T., Chen, J.M., Chen, H.Z. and Ren, X.H. (2010) Joint Optimization of Savitzky-Golay Smoothing Models and Partial Least Squares Factors for Near-Infrared Spectroscopic Analysis of Serum Glucose. Chinese Journal of
Analytical Chemistry, 38, 342-346.
[16] Pan, T., Liu, J.M., Chen, J.M., Zhang, G.P. and Zhao, Y. (2013) Rapid Determination of Preliminary Thalassaemia
Screening Indicators Based on Near-Infrared Spectroscopy with Wavelength Selection Stability. Analytical Methods, 5,
4355-4362. http://dx.doi.org/10.1039/c3ay40732b
[17] Chen, J.M., Xiao, Q.Q., Pan, T., Yan, X., Wang, D.W. and Yao, L.J. (2014) NIR Spectroscopy Combined with Stability and Equivalence MW-PLS Method Applied to Analysis of Hyperlipidemia Indexes. Spectroscopy and Spectral

467

J. Zhang et al.

Analysis, 34, 2827-2832.

[18] Rosas, J.G., Waard, H.D, Beer, T.D., Vervaet, C., Remon, J.P., Hinrichs, W.L.J., Frijlink, H.W. and Blanco, M. (2014)
NIR Spectroscopy for the In-Line Monitoring of a Multicomponent Formulation during the Entire Freeze-Drying
Process. Journal of Pharmaceutical and Biomedical Analysis, 97, 39-46. http://dx.doi.org/10.1016/j.jpba.2014.04.010
[19] Pan, T., Hashimoto, A., Kanou, M., Nakanishi, K. and Kameoka, T. (2003) Development of a Quantification System of
Ionic Dissociative Metabolites Using an FT-IR/ATR Method. oprocess and Biosystems Engineering, 26, 133-139.
http://dx.doi.org/10.1007/s00449-003-0343-z
[20] Pan, T., Hashimoto, A., Kanou, M., Nakanishi, K. and Kameoka, T. (2004) Mid-Infrared Spectroscopic Quantification
of Ionic Dissociative Metabolites Based on Three Spectral Extraction Methods. Japan Journal of Food Engineering, 5,
22-31.
[21] Long, X.L., Liu, G. S., Pan, T. and Chen, J.M. (2014) Waveband Selection of Reagent-Free Determination for Thalassemia Screening Indicators Using Fourier Transform Infrared Spectroscopy with Attenuated Total Reflection. Journal
of Biomedical Optics, 19, 087004-1-087004-11. http://dx.doi.org/10.1117/1.JBO.19.8.087004
[22] Zou, K., Zhang, Q. and Xia, Y. (2011) Culture Medium Optimization for Teicoplanin Production by Response Surface
Analysis. Chinese Journal of Antibiotics, 36, 671-675.
[23] Cheong, S.R., Kim, S.Y., Lee, Y.W., Lee, H.C., Jung, H.M. and Koo, B.S. (2008) Process for the Production of Teicoplanin. US 7432080B2.

468

