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Jasco Corporation was founded in 1958 to provide the scientific community with optical spectroscopy products.
In the mid-1950's a group of researchers in the Institute of Optics of what is now Tsukuba University needed an
Infrared Spectrophotometer for their research. Since a commercially available instrument was not yet existing at the
time, they undertook the challenge to develop their own.
The result was quite a success - a reliable instrument with excellent optical performance. As a second result, other
research groups asked them to replicate the instrument for use within their laboratories.
Over the years the Jasco product line has grown to cover instruments used, not only in research but also for routine
analysis applications in areas such as quality control, environmental analysis, and process control. The current
spectroscopy product line encompasses instrumentation for the following methods:
•
•
•
•
•
•
•
•
•

UV/Visible and NIR
Microscope Spectrophotomers
FT-IR, microscope FT-IR and FT-Raman
Dispersive Raman
Polarimeters
Spectrofluorometers
Portable Raman
Portable FT-IR
Fully Automated Dissolution Tester

Jasco is also the world leader in the field of Circular Dichroism Spectropolarimeters and Vibrational Circular Dichroism
Spectrometers.
With the introduction of HPLC in the mid-1970's Jasco's experience in highly sensitive and accurate optical systems led
to the development of a series of chromatographic detection systems. Fixed and variable wavelength UV/Visible and
Fluorescence detectors were introduced featuring excellent sensitivity and reliability in compact modules. In order to
offer complete HPLC systems Jasco developed a variety of novel solvent delivery systems as well as other accessories
such as column ovens, autosamplers, and PC based control and analysis software.
Today Jasco offers a wide variety of HPLC modules, accessories and analysis software. The new Jasco X-LC® extreme
high pressure liquid chromatography series is designed to operate at pressures approaching 15,000 psi for either
gradient or isocratic separations, providing researchers with a powerful tool when using the new generation of small
particle columns. LC-2000Plus Series includes a versatile series of components offering unique flexibility to build
systems for routine and specialized applications. LC-2000Plus features the widest choice of optical HPLC detector: UV,
diode array, fluorescence, chemiluminescence, CD, chiral and refractive index detector.
Finally JASCO’s modular Supercritical Fluid Chromatography and Supercritical Fluid Extraction platforms provide a low
-cost, fast, green technology with reliable and worry-free performance for a wide variety of applications.

“serving the Science and Technology World
by providing most advanced
analytical instrumentation”
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JASCO has a strong global presence, supplying customers in over 45 different countries. JASCO established its presence
in Europe since 1976.
Today JASCO Europe is responsible for marketing, sales, service and support for all Jasco products throughout Europe,
Middle East, Northern Africa.

Jasco Europe S.r.l.
Via Cadorna, 1 - 23894 Cremella (LC)
Tel. +39-0399215811
Fax +39-0399215835
jasco@jasco-europe.com
www.jasco-europe.com
Follow us on:
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The LC-4000 Series is the latest in a long history of
innovative HPLC systems developed by JASCO reaching all
the way back to the start of commercial HPLC in the early
1970s.
The concept of the integrated LC-4000 series HPLC
provides key separation platforms at 50MPa, 70MPa and
130MPa which correspond to conventional HPLC, the
increasingly popular Rapid Analysis (Fast HPLC) and sub
2um U-HPLC respectively.
Each platform is supplied with a dedicated pump and
autosampler matched to the operating pressure and
share detectors optimized for high-speed 100Hz
acquisition and the narrow peak shapes common to both
Fast HPLC and U-HPLC.
In the LC-4000 series, SSQD technology (Slow Suction, Quick Delivery) has been re-developed, with a
completely new solvent delivery mechanism offering the highest stability in solvent delivery across the entire
analytical flow rate range used in the PU-4100 Fast HPLC and PU-4200 U-HPLC pump models.
JASCO has the largest range of optical detectors - from dual wavelenght UV to diode array to unique chiral
detectors. All the detector are designed to meet U-HPLC requirements, data acquisition rate of 100Hz.
The HPLC systems are coupled with ChromNav 2.0 data system to offer both HPLC and spectral data handling
for most of the detectors even with the dual wavelength UV detector. A newly added feature of ChromNAV
2.0 is the automatic e-mail notification on your smartphone/tablet, stay always updated on analysis status of
your LC-4000.

The JASCO SFC/SFE 4000 integrated Analytical SFC system
has been developed for all aspects of analytical SFC;
including routine separation, method development and
small scale preparation of samples at the mg scale. With a
simple intuitive software and robust engineering, the
JASCO SFC system is a powerful tool for analytical
separations.

SFC Supercritical Fluid Chromatography

The SFC/SFE 4000 system is completely controlled using
the ChromNav data system - offering simple control for
routine analytical separation through to complex method
development with a range of enhanced reporting
capabilities. Full GLP compliance and 21 CFR part 11.
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With more than fifty years of experience in the design of
spectrophotometers, Jasco offers a complete range of
UV-Vis/NIR instruments. The V-700 series consists of six
distinct models designed to meet a wide range of
application requirements.

V-730 UV/VIS Spectrophotometer
V-730bio UV/VIS Spectrophotometer
V-750 UV/VIS Spectrophotometer
V-760 UV/VIS Spectrophotometer
V-770 UV/VIS/NIR Spectrophotometer
V-780 UV/VIS/NIR Spectrophotometer

From an innovative optical layout to a simple
comprehensive instrument control and data analysis
software interface, the V-700 series does not
compromise on accuracy, performance or reliability.
All models are controlled by Spectra Manager™ II, Jasco’s
powerful cross-platform spectroscopy software package
with USB communication.

FT/IR 4600 Spectrophotometer
FT/IR 4700 Spectrophotometer
FT/IR 6600 Spectrophotometer
FT/IR 6700 Spectrophotometer
FT/IR 6800 Spectrophotometer

The FT/IR-4000 and FT/IR-6000 models represent a broad
range of instrumentation that redefine infrared
spectroscopy as a powerful yet easy to use technique in a
compact and reliable line of instruments with the highest
signal-to-noise ratio.
All models are controlled by Spectra Manager™ II , Jasco’s
powerful cross-platform spectroscopy software package
with USB communication.
All models feature an auto-alignment function which
maintains instrument optical alignment after beamsplitter
changes or instrument movement.

JASCO is proud to release four innovative FT-IR
Microscope, the IRT-5000 and IRT-7000, providing several
new functions that drastically improve infrared microspectroscopy analysis.

IRT-5000 FT-IR Microscope
IRT-7000 FT-IR Microscope

Both microscope systems can be easily interfaced with
either the FT/IR-4000 or FT/IR-6000 spectrometer,
offering the most advanced microscopy and imaging
systems available in the market today.
The microscope system automatically scans the specified
points or area, rapidly collecting a full spectrum of each
point without moving the sample stage.
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The Irtronµ sample compartment microscopy system is
designed to provide affordable analysis of microscopic
samples with the high performance features of an
external FT-IR microscope accessory.

Irtronµ Sample compartment microscope for the
FT/IR-4000/6000 Series

The Irtronµ offers unprecedented convenience and ease
of use, compatible with the JASCO FT/IR-4000 and 6000
Series FT-IR instruments.
The microscope accessory installs into the spectrometer
sample compartment in seconds without optical
alignment.

FP-8200 Spectrofluorometer
FP-8300 Spectrofluorometer
FP-8500 Spectrofluorometer
FP-8600 Spectrofluorometer

Designed with the latest technology, the JASCO FP-8000
Series spectrofluorometers incorporate the highest
sensitivity, fastest spectral scanning capability and
excellent analysis-oriented functionality offering
integrated solutions for advanced materials research and
biochemical analysis applications.
To meet the most stringent analysis demands, a variety of
accessories are available for integration with a range of
sophisticated control and analysis applications available in
the user-friendly Spectra Manager™ II software to offer a
flexible platform for any fluorescence and
phosphorescence application.

The P-2000 is designed as a customizable polarimeter
with various options for a range of applications and
budgetary requirements.

P-2000 Digital Polarimeter

Options such as polarizers, wavelength filters, lamps and
photomultiplier detectors provide a wide range of
analytical wavelengths from UV-Vis to NIR.
A newly redesigned intelligent remote module (iRM) with
a color LCD touch screen conveniently guides the
operator through routines from data acquisition to data
processing. The obtained data can be automatically
printed to USB printers, or saved to a compact flash
memory card for further processing on a PC.
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The MSV-5000 series is a microscopic spectrophotometer
system providing transmittance/reflectance
measurements of a microscopic sample area with a wide
wavelength range from ultraviolet to near infrared.

MSV-5000 Series
Microscope Spectrophotometers

MSV-5100 Spectrophotometer is a dedicated UV-Vis
microscope with a wavelength range of (200-900 nm).
MSV-5200 Spectrophotometer includes a Peltier-cooled PbS
detector and has a wavelength range of (200-2700 nm).
MSV-5300 Spectrophotometer incorporates an InGaAs
detector to obtain optimized NIR measurements and has a
wavelength range of (200-1600 nm).

RMP-500 Series
Portable Raman

JASCO’s new RMP-500 Series has been developed to meet
the needs of Material Science, Manufacturing and
Biochemistry by combining the flexibility of a fiber optic
probe with a portable Raman Microspectrometer.
The RMP-500 Series consists of three models, RMP-510,
RMP-520, RMP-530 ranging from small, portable units
suitable for in-situ measurements to research-grade systems
that will meet even the most difficult application
requirements.
The RMP-500 Series portable Raman spectrometer systems
feature an integrated fiber optic probe with a small X-Y-Z
stage, a compact laser, a high-throughput spectrograph and
CCD detector.

The VIR-100/200/300 series are compact, lightweight,
flexible FT-IR systems.

VIR Series
Portable FT-IR

The collimated entrance and exit ports make it an ideal
instrument for a wide range of applications.
The standard instrument includes a hermetically sealed
interferometer, DLATGS detector, high intensity source, KRS5 windows and automatic alignment. Options can be added
for increased sensitivity, optional spectral ranges including
NIR, and battery operation.
For even greater flexibility, external connection optics allows
the user to install up to three different attachments in one
system, selecting the most appropriate application accessory
by simply switching the PC controlled optical configuration.
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The performance expected on a micro-Raman spectrometer
are all provided with the NRS-5000/7000 series Raman
systems, assuring consistent performance for rapid
acquisition of high quality data with automated system
control and minimal optical adjustments.
For application expansion, an automated multi-grating
turret, 2 internally mounted detectors and a maximum of 8
lasers ranging from the UV through the NIR are capable of
integration with the instrument system.
Spectra Manager™ II for the NRS-5000/7000 offers
revolutionary features to simplify previously difficult
measurement and analysis tasks, while adding various usersupport tools such as auto-fluorescence-correction,
wavenumber correction, intensity correction, and a novel
user-advice function.

NRS-4100 Laser Raman Spectrometers

NRS-5000 Laser Raman Spectrometers
NRS-7000 Laser Raman Spectrometers

The system offers space-saving, automated switching laser
light source and alignment adjustment to assist the analysis,
NRS-4100 is easily used to quality control as well as research
and development.
The NRS-4100 is equipped with measurement assist function
that can be easily setup operation and a user advice function
that automatically analyzes the spectrum and obtain a highquality data even at the first time.
The automatic XYZ stage is equipped with a sample search
function. Using a newly developed algorithm (patent
pending) the microscope image, sample search function has
used to set the measurement position automatically and
gives you data from the location that is automatically
registered with the click of a button measurement.

The latest effort in the JASCO commitment to lead the
field of Circular Dichroism.

J-1000 Series Spectropolarimeter

Unparalleled optical performance and optionally
available measurement modes are combined in
a manner to make the J-1000 Series Spectropolarimeter,
a true "chiro-optical spectroscopy workbench".
Instrument control and data processing are handled
effortlessly by our JASCO's user friendly and innovative
cross-platform software, Spectra Manager™ II.
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Make the most of your investment with JASCO Service and Support
JASCO Service and Support agreement plans are designed for those laboratories pursuing superior productivity
through the highest level of professional services.
The use of automated instrumentation is the right approach to meet today's laboratories productivity requirements,
reducing analysis run times, enhancing sample throughput, and increasing analytical accuracy and precision. In this
view, preventive maintenance is very important to maximize laboratory uptime and avoid unexpected expenses.
In addition to the analytical goal, proper installation and maintenance are required to achieve optimal performance.
JASCO provides flexible service and support management solutions focused on your laboratory real objectives.
With its service network, JASCO is ready to maintain the perfect reliability of customer's instrumentation and minimize
the laboratory down time.
•
•
•
•

Superior productivity
Optimized analytical performance
Lower cost of ownership
Extended instrument life

If your laboratory has specific Service and Support requirements, JASCO can help you with customized contract
agreements. In addition, a full set of Installation Qualification (IQ), Operational Qualification (OQ), and Performance
Qualification (PQ) tests are available to verify the system proper installation, operation and performance, respectively.

Get the most from your investment with JASCO Training Courses
JASCO Training Courses ensure maximum skill development for the best value of your laboratory.
Our team of highly-experienced specialists can help your staff to get the most from your instrument reducing your
analysis run time and improve performance.
Build your knowledge with JASCO Training Courses:
•
•
•
•
•
•

Instrument and Software operation
troubleshooting
Maintenance
Calibration
Applications and Methods developments
Operating Techniques

Maintenance

Spare Parts/Consumables

Validation Service

Education/Training

IQ/OQ/PQ Support

Hardware/Software Upgrades

Keep the maximum productivity of your lab !!
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Ultra High-Speed Analysis of Free Fatty Acids in Vegetable Oil
using ADAM Derivatization
by Ultra High-performance Liquid Chromatography
Introduction
In fatty acid analysis, UV detection at a short wavelength, refractive index detection and evaporative light scattering
detection (ELSD) are generally. However, in trace analysis, a derivatization method is preferred because it offers much
higher sensitivity. There are several derivatization methods for the detection of free fatty acids that require either UV
or fluorescence detection. Among them, 9-Anthryldiazomethane (ADAM) is most commonly used because it reacts
with fatty acids easily at room temperature and enables highly sensitive and selective analysis Here, the separation
and fluorescence detection of free fatty acids in vegetable oil are demonstrated using ADAM derivatization by Ultra
High-performance Liquid Chromatography (UHPLC).
Experimental
Equipment
Pump:
Degasser:
Mixer:
Column oven:
Autosampler:
Detector:

X-LC 3185PU x 2
X-LC 3080DG
X-LC 3180MX
X-LC 3067CO
X-LC 3159AS
X-LC 3120FP

Conditions
Column: X-PressPak V-C18-W (3.0 mmID x 50 mmL, 2.0 μm)
Eluent A: Water/Methanol (5/95)
Eluent B: Acetonitrile/THF (90/10)
Gradient condition:
(A/B), 0 min (100/0) 3 min (100/0)
4.5 min (0/100) 7.5 min (0/100)
7.55 min (100/0) 1cycle: 10 min
Flow rate: 1.0 mL/min
Column temp.: 40°C
Wavelength: Ex. 365 nm, Em. 412 nm, Gain x100
Injection volume: 1 μL
Standard sample: ADAM derivatized fatty acids (C8 - C22)
0.05 mg/mL each in Ethyl acetate

Results
Figure 1 shows the procedure for ADAM derivatization and Figure 2 shows a reaction mechanism of ADAM reagent

Figure 1. Procedure for ADAM derivatization

Figure 2. Reaction mechanism of ADAM reagent with fatty acid

Application 220056X
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Ultra High-Speed Analysis of Free Fatty Acids in Vegetable Oil
using ADAM Derivatization
by Ultra High-performance Liquid Chromatography
Figure 3 shows the chromatogram of the standard mixture of fatty acids derivatized with ADAM. Eleven different fatty
acids were separated within 7 min.
Peak

Compounds

1

Caprylic acid (C8)

2

Capric acid (C10)

3

Lauric acid (C12)

4

Linolenic acid (C18:3)

5

Myristic acid (C14)

6

Linoleic acid (C18:2)

7

Palmitic acid (C16)

8

Oleic acid (C18:1)

9

Stearic acid (C18)

10

Arachidic acid (C20)

11

Behenic acid (C22)

Figure 3 Chromatogram of standard mixture of fatty acid derivatized by ADAM
(0.05 mg/mL each in ethyl acetate)
Peak

Compounds

1

Caprylic acid (C8)

2

Capric acid (C10)

3

Lauric acid (C12)

4

Linolenic acid (C18:3)

5

Myristic acid (C14)

6

Linoleic acid (C18:2)

7

Palmitic acid (C16)

8

Oleic acid (C18:1)

9

Stearic acid (C18)

10

Arachidic acid (C20)

Figure 4. Chromatogram of ADAM derivative of rice oil.
Preparation: Dissolve 1.0 g of rice oil in 10 mL of ethyl acetate and then follow the
procedure for ADAM derivatization as in Figure 1

Application 220056X
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Ultra High-Speed Analysis of Free Fatty Acids in Vegetable Oil
using ADAM Derivatization
by Ultra High-performance Liquid Chromatography

Figure 5. Chromatogram of ADAM derivative of coconut oil.
The peak numbers are the same as in Figure 3.
Preparation : Dissolve 1.0g of coconut oil in ethyl acetate, to make the volume up to
10 mL and then follow the procedure of ADAM derivatization as in Figure 1.

Fatty Acids

Rice Oil

Coconut Oil

Caprylic acid (C8)

-

0.017

Capric acid (C10)

-

0.012

Lauric acid (C12)

-

0.85

Myristic acid (C14)

0.010

0.45

Palmitic acid (C16)

0.23

0.26

Stearic acid (C18)

0.044

0.089

Oleic acid (C18:1)

0.41

0.20

Linoleic acid (C18:2)

0.38

0.055

Linolenic acid (C18:3)

0.007

-

Arachidic acid (C20)

0.020

-

Behenic acid (C22)

-

-

Table 1. Quantitative value (mg/g) of rice oil and coconut oil

Application 220056X
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High-Speed Separation of ATP and its Degradation Products by
Ultra High-performance Liquid Chromatography and its Application to
Evaluation of Degree of Freshness of Fish Meat
Introduction
ATP(adenosine triphosphate) in fish meat is decomposed as time elapses following the route shown below.
ATP -> ADP(adenosine diphosphate) -> AMP(adenosine monophosphate) -> IMP(inosinic acid) ->
Ino(inosine) -> Hypo(hypoxanthine)
There is a K value which indicates the degree of freshness of fish meat, and is defined as follows.
K value(%)=[(Ino + Hypo) / (ATP + ADP + AMP + IMP + Ino + Hypo)] x 100
It is known that fish meat can be used for sashimi if K value is less than 20% and can be used for cooking and
processing if K value is 20 - 60%.
In this report, the degree of freshness of fish meat is measured by calculating K values using Ultra Highperformance
Liquid Chromatography (UHPLC). In addition, the time course of K values, i.e., degradation of the freshness, was
measured. K value was calculated using the free calculation function in the ChromNAV CDS.
Equipment
Pump:
Degasser:
Mixer:
Column oven:
Autosampler:
Detector:

X-LC 3185PU x 2
X-LC 3080DG
X-LC 3180MX
X-LC 3067CO
X-LC 3159AS
X-LC 3070UV

Conditions
Column:
X-PressPak AQ-C18-W
(3.0 mmID x 50 mmL, 2.0 μm)
Eluent A: 100 mM Phosphate buffer (pH 4.2)
Eluent B:
100 mM Phosphate buffer (pH 4.2)/
Acetonitrile (50/50)
Gradient condition: (A/B), 0 min(100/0) 2.2 min (100/0)
6.0 min(50/50) 7.0 min(50/50) 7.05
min(100/0) 1 cycle; 10 min
Flow rate: 0.6 mL/min
Column temp.: 30°C
Wavelength: 260 nm
Injection volume: 1 μL
Standard sample: ATP and degradation products
1.0 μg/mL each

Results
Figure 1 shows chromatogram of adenosine nucleotides. Analysis time was shortened approximately 1/8 times as
compared with conventional HPLC without sacrificing the resolution of each component.
Peak

Compounds

1

ATP

2

ADP

3

IMP

4

Hypo

5

AMP

6

Ino

Figure 1.
Chromatogram of standard mixture of
adenosine nucleotides

Application 420008X

Page 15 of 95

Food & Beverage Solutions Book

High-Speed Separation of ATP and its Degradation Products by
Ultra High-performance Liquid Chromatography and its Application to
Evaluation of Degree of Freshness of Fish Meat
Figure 2 shows a chromatogram of adenosine nucleotides in sashimi grade tuna fish meat two days after purchase.
Target six components are detected without any interference by contaminants. This sample’s K value was 8 %.
Peak

Compounds

1

ATP

2

ADP

3

IMP

4

Hypo

5

AMP

6

Ino

Figure 2. Chromatogram of adenosine nucleotides in sashimi grade tuna fish meat
(stored in a refrigerator at 4°C for two days after purchase).

Preparation
0.4 M perchloric acid aqueous solution(20 mL) was added to tuna fish meat (2.5 g) and homogenized. Then 2 M
potassium carbonate aqueous solution(1 mL) was added to the obtained supernatant (5 mL) and applied to centrifugal
separation. Obtained supernatant was filtered with 0.2 μm membrane filter.
Figure 3 shows the time course of the degradation of tuna fish meat.

Figure 3. Time course of the degradation of tuna fish meat

Application 420008X
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High Speed Analysis of Piperine in Pepper
by Ultra High-performance Liquid Chromatography
with Photodiode Array Detection
Introduction
Piperine is a particular spicy constituent that is contained in Piperaceae plants, which is effective to improve energy
metabolism, the circulation of the blood and excessive sensitivity to cold. It is also known that Piperine has an
antibacterial action, an antiseptic action and an insecticidal action, and it is contained more in black pepper. In this
Application Data, Piperine in Pepper was analyzed by Ultra High-performance Liquid Chromatography with
Photodiode Array Detection, which has high speed data sampling capability as many as 100 spectra/sec.
Equipment
Pump:
Degasser:
Mixer:
Column oven:
Autosampler:
Detector:

X-LC 3185PU x 2
X-LC 3080DG
X-LC 3180MX
X-LC 3067CO
X-LC 3159AS
X-LC 3110MD

Conditions
Column: ZORBAX Eclipse Plus C18 (3.0 mmID x 50 mmL, 1.8
μm)
Eluent A: 0.1% Formic acid
Eluent B: 0.1% Formic acid in Acetonitrile
Gradient condition: (A/B), 0 min (70/30) 7 min (10/90)
7.5 min (10/90) 7.55 min (70/30)
1 cycle; 10 min
Flow rate: 0.8 mL/min
Column temp.: 40°C
Wavelength: 200 - 500 nm
Injection volume: 1 mL
Standard sample: Piperine 0.1 mg/mL
in Water/Acetonitrile (90/10)

Result
Figure 1 shows a chromatogram and a contour plot of Piperine standard sample. Longer analysis time was taken as
compared to the time using of UHPLC in general, in consideration of Piperine separation in actual sample.

Figure 1 Chromatogram and contour plot of Piperine standard sample

Application 510002X
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High Speed Analysis of Piperine in Pepper
by Ultra High-performance Liquid Chromatography
with Photodiode Array Detection
Figure 2 shows a spectrum of Piperine.
Figure 3 shows chromatogram and contour plot of extract of coarsely ground pepper by using Supercritical Fluid
Extraction technology. Very sharp peak was obtained

Figure 2
Spectrum of Piperine sample

Figure 3 Chromatogram and contour plot of coarsely ground pepper

Sample preparation :
Coarsely ground pepper was extracted by Supercritical Fluid Extraction system and its extract was dissolved in 1 mL
of Acetonitrile and diluted with Acetonitrile to 1/100 concentration. Then it was filtrated using 0.2 mm membrane
filter.
Super Critical Fluid extraction condition
Sample :
Coarsely ground pepper 1.0 g
Extraction vessel :
10 mL ( Glass wool has been mounted in both IN and OUT
Temperature :
40 °C.
Back Pressure :
20 MPa
CO2 Flow Rate :
3.0 mL/min

Application 510002X
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High Speed Separation of Isoflavone
by Extreme High Pressure Liquid Chromatography System (XX-LC)
LC
Introduction
Isoflavones are polyphenolic compounds produced in Fabaceae such as soybeans. They act as phytoestrogens in
mammals. They are also strong antioxidants and considered useful in treating cancer. Common isoflavones include
daizin, genistin, glycitin, daidzein, genistein, and glycitein.
We have demonstrated, using extreme high-pressure liquid chromatography ( X-LC ) the analysis of isoflavones. The
results were obtained using an X-PressPak C18S (2.1 mm I.D. x 50 mmL., 2 μm) combined with a high-pressure gradient
method described below. Total analysis time was approximately 4 minutes.
Experimental
The system used for the measurement consists of two 3185PU pumps, 3080DG degasser, 3180MX mixing unit, 3067CO
column oven, 3070UV UV/Vis detector 3059AS autosampler and a chromatography data system.
Soymilk (2 mL) is mixed with methanol (2 mL), incubated for 90 minutes at 60°C, mixed with hexane (1 mL), and
centrifuged. The supernatant is filtered with 0.45 μm membrane filter. A portion of 1 μL is injected.
Results and Discussion
Figure 1 shows the chromatogram of a standard mixture of isoflavones. Each component is sufficiently separated; the
analysis time is 4 minutes and the time from injection to injection is 7.5 minutes. Figure 2 shows the chromatogram of
soymilk. Each component is well separated from unknown peaks.
Peak

Compounds

1

Daidzin

2

Genistin

3

Glycitin

4

Daidzein

5

Genistein

6

Glycitein

Figure 1 X-LC chromatogram of a standard mixture of isoflavone
Conditions
Column = X-PressPak C18S (2.1 mm I.D. x 50 mmL.)
Column Temperature = 40°C
Mobile phase: A = acetonitrile/water/acetic acid (10/90/0.1), B = acetonitrile/water/acetic acid (40/60/0.1), 0 min = A/B(100/0)—
5 min = A/B(0/100) —5.5 min = A/B(0/100)—5.55 min = A/B(100/0)
Flow rate = 0.6 mL/min,
Detection wavelength = 254 nm,
Injection volume = 1μL

Application 520014X
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High Speed Separation of Isoflavone
by Extreme High Pressure Liquid Chromatography System (XX-LC)
LC
Peak

Compounds

1

Daidzin

2

Genistin

3

Glycitin

4

Daidzein

5

Genistein

6

Glycitein

Figure 2 Chromatogram of soybean milk
The conditions are the same as in Figure 1.
Pretreatment: 1. Add methanol (2 mL) to soybean milk (2 mL), 2.
Stand at 60°C for 1.5 hours, 3. Add Hexane (1 mL) and mix, 4. The hexane layer is filtered.

Application 520014X
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Determination of Catechins by Extreme Liquid Chromatography (XX-LC)
LC
and its Application to Analaysis of Green Tea
Introduction
The main components of catechins in green tea include epicatechin (EC), epigallocatechin (EGC, hydroxy derivative of
EC), epicatechin gallate (ECg, gallic acid ester of EC), and epigallocatechin gallate (EGCg, gallic acid ester of EGC). We
examined the applicability of X-LC for ultra-high speed analysis of 7 components consisting of the above 4 catechins,
catechin(C), catechin gallate(Cg), and Caffeine.
Experimental
The system utilized in this experiment was a JASCO X-LC system consisting of a 3185PU pump (2 sets), a 3080DG
degasser, a 3180MX mixing unit, a 3067CO column oven, a 3070UV UV/Vis detector, a 3059AS autosampler, and
ChromNAV chromatography data system.
A commercially-available tea beverage was filtered with 0.2 µm membrane filter. A portion of the filtrate was injected.
Results and Discussion
Figure 1 shows an X-LC chromatogram of a standard mixture of 7 catechins. These components were clearly separated
within 5 minutes by using a gradient elution method. Figure 2 shows an X-LC chromatogram of the tea sample. Each
component is well separated from unknown peaks.
Peak Compounds
1

Epigallocatechin
(500 μg/mL)

2

Caffeine
(10 μg/mL)

3

Catechin
(100 μg/mL)

4

Epicatechin
(100 μg/mL)

5

Epigallocatechin gallate
(25 μg/mL)

6

Epicatechin gallate
(20 μg/mL)

7

Catechin gallate
(100 μg/mL)

Figure 1 X-LC chromatogram of standard mixture
Conditions
Column = X-PressPak AQ-C18W (2 mmID x 50 mmL, 2 μm)
Column Temperature = 30°C
Mobile phase: A = 0.2% phosphoric acid / acetonitrile (90/10), B = 0.2% phosphoric acid /acetonitrile (50/50), 0 min = A/B(100/0)—
0.5 min = A/B(100/0) 4.0 min = A/B(70/30) — 5.0 min = A/B(70/30) — 5.05 min = A/B(100/0)
Flow Rate = 0.7 mL/min
Detection wavelength = 280 nm
Injection volume = 1 μL

Application 520015X-E
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Determination of Catechins by Extreme Liquid Chromatography (XX-LC)
LC
and its Application to Analaysis of Green Tea
Peak Compounds
1

Epigallocatechin

2

Caffeine

3

Catechin

4

Epicatechin

5

Epigallocatechin gallate

6

Epicatechin gallate

7

Catechin gallate

Figure 2 X-LC chromatogram of commercially-available tea beverage
Conditions
Column = X-PressPak AQ-C18W (2 mmID x 50 mmL, 2 μm)
Column Temperature = 30°C
Mobile phase: A = 0.2% phosphoric acid / acetonitrile (90/10), B = 0.2% phosphoric acid /acetonitrile (50/50), 0 min = A/B(100/0)—
0.5 min = A/B(100/0) 4.0 min = A/B(70/30) — 5.0 min = A/B(70/30) — 5.05 min = A/B(100/0)
Flow Rate = 0.7 mL/min
Detection wavelength = 280 nm
Injection volume = 1 μL

Application 520015X-E
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Determination of Catechins in Green Tea by Ultra High-performance
Liquid Chromatography with Photodiode Array Detection
Introduction
Catechins are of polyphenol group contained in green tea that give bitter taste. They have various physiological
functions are reported such as inhibitory for high blood pressure, control of blood cholesterol, control of blood-sugar
level, antioxidative, anti-aging, anti-bacterial and anti-allergic activities. Main constituents of Catechins in Green tea
are epicatechin, epigallocatechin, epicatechin gallate, and epigallocatechin gallate.
In this report, catechins in green tea were measured and analyzed by Ultra High-performance Liquid Chromatography
(UHPLC) with Photodiode Array Detection, which has high-speed data acquisition rate at 100 spectra/sec.
Equipment
Pump:
Degasser:
Mixer:
Column oven:
Autosampler:
Detector:

Conditions
X-LC 3185PU x 2
X-LC 3080DG
X-LC 3180MX
X-LC 3067CO
X-LC 3159AS
X-LC 3110MD

Column: ZORBAX SB-C18 (3.0 mmID x 50 mmL, 1.8 μm)
Eluent A: 0.2% Phosphoric acid in Water/Acetonitrile (90/10)
Eluent B: 0.2% Phosphoric acid in Water/Acetonitrile (50/50)
Gradient condition: (A/B), 0 min(100/0) 4 min(70/30)
4.5 min(70/30) 4.55 min(0/100) 5 min(0/100)
5.05 min(100/0) 1 cycle; 7.5 min
Flow rate: 0.8 mL/min
Column temp.: 30°C
Wavelength: 200 - 400 nm
Injection volume: 1 mL
Standard sample: 6 catechins and caffeine

Figure 1. Chemical structures 6 catechins and caffeine.

Application 520016X
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Determination of Catechins in Green Tea by Ultra High-performance
Liquid Chromatography with Photodiode Array Detection
Results
Figure 2 shows a chromatogram and a contour plot of 6 catechines and caffeine. It shows that 7 different constituents
are completely separated within 4 minutes.
Peak Compounds
1

Epigallocatechin
(500 μg/mL)

2

Catechin
(100 μg/mL)

3

Caffeine
(10 μg/mL)

4

Epicatechin
(100 μg/mL)

5

Epigallocatechin gallate
(25 μg/mL)

6

Epicatechin gallate
(20 μg/mL)

7

Catechin gallate
(100 μg/mL)

Figure 2. Chromatogram and contour plot of 6 catechines and caffeine

Figure 3 shows a chromatogram and contour plot of Green tea. It shows that 7 different constituents and impurities
were separated properly. The peak numbers and corresponding compounds are the same as in Figure 2.
The sample was filtered using 0.2 mm membrane filter.

Figure 3. Chromatogram and contour plot of green tea extract.
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Analysis of Parabens Using Extreme Liquid Chromatography (XX-LC)
LC
Introduction
Parabens, esters of p-hydroxybenzoic acid, are used as preservatives in cosmetics and foods. Common parabens
include methylparaben, ethylparaben, propylparaben, and butylparaben. Quality control demands to determine these
esters content. HPLC has been used for this analysis. An increase in the number of samples to be measured requires
high throughput analysis. To this analysis, we have applied extreme high pressure liquid chromatography system (X-LC)
equipped with a separation column having a 2 μm packing material.
Experimental
The system used for the measurement consists of a 3185PU pump, 3080DG degasser, 3067CO column oven, 3070UV
UV/Vis detector, 3059AS autosampler and a chromatography data system.
Results and Discussion
Figure 1 shows the chromatogram of a standard mixture of parabens and p-hydroxybenzoic acid. This chromatogram
indicates that each paraben elutes with a good separation within a minute. As shown above, an X-LC column (XpressPak C18, 2.1 mm x 50 mm, 2 μm) enables to reduce a separation time by a factor of approximately 10, resulting in
a high throughput analysis and a decrease in consumption of solvent.
Peak Compounds
1

p-Oxybenzoate

2

Methyl p-oxybenzoate

3

Ethyl p-oxybenzoate

4

Propyl p-oxybenzoate

5

Butyl p-oxybenzoate

Figure 1 Chromatogram of standard mixture of parabens
and p-hydroxybenzoic acid

Sample concentration: 0.02 mg/mL
Injection volume: 1uL
Column: X-pressPak C18S (2.1 mm I.D. x 50 mm length, 2 um particle)
Column temperature: 40°C
Mobile phase: 0.1% H3PO4/CH3CN (50/50)
Flow rate: 0.6 mL/min
Detection wavelength: 254 nm
Measurement pressure: 40 MPa
* p-Oxybenzoate Ester is p-Hydroxy benzoate.
Application 620015X-E
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Analysis of Additives in Soft Drink
by Extreme Liquid Chromatography (XX-LC)
LC
Introduction
Common additives in soft drink include caffeine, aspartame, benzoic acid, and acesulfame-K. Quality control demands
to determine these additives. HPLC has been used for this analysis. An increase in the number of samples to be
measured requires high-throughput analysis. In order to meet this requirement, we have applied extreme high
pressure liquid chromatography system (X-LC) equipped with a 2 μm packing column to the analysis of these additives
using high-pressure gradient method.
Experimental
The system used for the measurement consists of two 3185PU pumps, 3080DG degasser, 3080MX mixing unit, 3067CO
column oven 3070UV UV/Vis detector, 3059AS autosampler and a chromatography data system. Soft drink is degassed
and filtered with 0.45 μm membrane filter. A portion of 1 μL is injected.
Results and Discussion
Figure 1 shows the chromatogram of standard mixture of additives. Each component is sufficiently separated. The
analysis time is within 2 minutes. X-LC enables to shorten the analysis time significantly, leading to high-throughput
analysis and to reduce consumption of solvent.
Peak Compounds
1

caffeine

2

aspartame

3

benzoic acid

4

acesulfame K

Figure 1 Chromatogram of the additives in soft drink

Injection volume: 1 uL (filtrate)
Column: X-Presspak C18S (2,1 mm I.D. x 50 mm, 2m particles in dianeter)
Column temperature: 40°C
Mobile phase: A=50mM NaH2PO4(pH3.6),
B=CH3OH
Gradient condition: 0 min=A/B(90/10) > 1.5 min=A/B(50/50) > 2.0 min=A/B(50/50) > 2.05 min=A/B(90/10)
Flow rate: 0.6 mL/min.
Detection wavelength: 214 nm
Pressure: 32 MPa-41MPa

Application 620016X-E
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Ultra-High Speed Separation of Food Additives in Soft Drink
by Extreme High Pressure Liquid Chromatography System (XX-LC)
LC
with multiwave lenght UV Detector
Introduction
Food additives are substances added to food as preservatives, antioxidants, emulsifiers, etc. Recent increases in
consumption of processed foods has led to the introduction more additives. Securing food safety demands
determination of these additives and high performance liquid chromatography (HPLC) has been used for the
measurement of these food additives. We examined the usefulness of an X-PressPak V-C (2.0 mm I.D. x 50 mm L.)
packed with 2 μm diameter packing material for the ultra-high speed separation of food additives. We used 4λ−UV
detector for the simultaneous monitoring of these additives at four different wavelengths. The results were examined
to determine whether the performance of the column and chromatography system exceeds those of conventional
HPLC.
Experimental
The system utilized in this experiment was a JASCO X-LC system consisting of two of the 3085PU pump, 3080DG mobile
phase degasser, 3080MX mixing unit, 3067CO column oven, 3177UV 4λ-UV detector, 3059AS autosampler, and
ChromNAV chromatography data system. The method was applied to the analysis of soft drinks. The soft drink was
purchased at a grocery store, diluted 5 times with a mixture of 0.3% phosphoric acid / acetonitrile (95/5), and then
filtered with 0.2 μm membrane filter.
Results and Discussion
Figure 1 shows an X-LC chromatogram of a standard mixture of 11 food additives. The X-LC system provides 5 times
shorter analysis time than conventional HPLC without sacrificing the resolution. Figure 2 shows an X-LC chromatogram
of the soft drink sample. Eleven food additives were clearly separated from unidentified peaks.
Peak Compounds

Figure 1 X-LC chromatogram of a standard mixture of food additives

Application 620017X-E

1

acesulfame K (0.2 mg/mL)

2

p-hydroxybenzoic acid (0.05 mg/mL)

3

caffeine (0.05 mg/mL)

4

aspartame (0.1 mg/mL)

5

vitamin B2 (0.1 mg/mL)

6

benzoic acid (0.05 mg/mL)

7

methylparaben (0.05 mg/mL)

8

propyl gallate (0.05 mg/mL)

9

ethylparaben (0.05 mg/mL)

10

propylparaben (0.05 mg/mL)

11

butylparaben (0.05 mg)

Column=X-PressPak V-C18 (2.0 mmID x 50 mmL, 2 μm);
Column temperature=40°C
Mobile phase: A=0.3% phosphoric acid,
B=acetonitrile, 0min=A/B(95/5), 1.3min=A/B
(85/15), 1.7min=A/B(85/15), 5min=A/B(30/70),
5.1 min=(10/90), 6 min=(10/90),
6.1 min=(95/5), injection interval=8 min
Flow rate=0.5 mL/min;
Detection wavelengths=210 nm, 240 nm, 270 nm, 300 nm
Injection volume=1 μL
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Ultra-High Speed Separation of Food Additives in Soft Drink
by Extreme High Pressure Liquid Chromatography System (XX-LC)
LC
with multiwave lenght UV Detector

Figure 2 X-LC chromatogram of soft drink

The sample is diluted 5 times with 0.3% phosphoric acid/acetonitrile(95/5), and filtered with 0.2 μm membrane filter.
The other conditions are the same as in the Figure 1.
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High-Speed Analysis of Food Additives in Functional Beverage by Ultra
High-performance Liquid Chromatography with Photodiode Array
Introduction
There are a number of food additives used in beverage to add good flavor and taste, good appearance, long shelf life,
and nutritional enrichment. However, those food additives may have a bad effect on health if not properly controlled.
Therefore, they are regulated by the Food Sanitation Act. In this report, food additives in functional beverage are
measured and analyzed by Ultra High-performance Liquid Chromatography with Photodiode Array Detection, which
enables high speed data acquisition rate at 100 spectra/sec.
Experimental
Equipment
Pump:
Degasser:
Mixer:
Column oven:
Autosampler:
Detector:

X-LC 3185PU x 2
X-LC 3080DG
X-LC 3180MX
X-LC 3067CO
X-LC 3159AS
X-LC 3110MD

Conditions
Column: ZORBAX Eclipse Plus C18 (3 mmID x 50 mmL, 1.8 mm)
Eluent A: 0.3% Phosphoric acid solution
Eluent B: Acetonitrile
Gradient condition: (A/B), 0 min(95/5) 1.2 min(82/18)
1.5 min(82/18) 2.0 min(77/23)
2.3 min(77/23) 5.0 min(35/65)
5.05 min(10/90) 5.05 min (10/90)
6.0 min(10/90) 6.05 min(95/5),
1 cycle 8.0 min
Flow rate: 0.8 mL/min
Column temp.: 40°C
Wavelength: 200-650 nm
Injection volume: 1 mL
Standard sample: 12 Food additive standards

Results
The chromatogram and contour plot of the standard mixture of food additives are shown in Figure 1 and
chromatograms at 4 different wavelengths are shown in Figure 2. 12 components are clearly separated within 5 min.
Peak Compounds

Figure 1 Chromatogram of standard mixture of food additives.

Application 620018X

1

Acesulfame K (0.2 mg/mL)

2

p-Hydroxybenzoic acid (0.05 mg/mL)

3

Caffeine (0.05 mg/mL)

4

Vitamin B2 sodium phsphate
(Riboflavin sodium phsphate)
(0.1 mg/mL)

5

Vitamin B2 (Riboflavin) (0.1 mg/mL)

6

Aspartame (0.1 mg/mL)

7

Benzoic acid (0.05 mg/mL)

8

Methyl p-hydroxybenzoate
(0.05 mg/mL)

9

Propyl gallate (0.05 mg/mL)

10

Ethyl p-hydroxybenzoate (0.05 mg/mL)

11

Propyl phydroxybenzoate (0.05 mg/mL)

12

Butyl p-hydroxybenzoate (0.05 mg/mL)
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High-Speed Analysis of Food Additives in Functional Beverage by Ultra
High-performance Liquid Chromatography with Photodiode Array

Figure 2 Chromatogram of the standard mixture of food additives at different wavelengths.
The peak numbers and corresponding compounds are the same as in Figure 1.

In Figure 3, the chromatogram and contour plot of a commercial functional beverage are shown and the
chromatograms at 4 different wavelengths are shown in Figure 4.

Figure 3 Chromatogram of a functional beverage.
The peak numbers and corresponding compounds are the same as in Figure 1.
Preparation. The commercial functional beverage was filtered with 0.2 mm membrane filter

Application 620018X
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High-Speed Analysis of Food Additives in Functional Beverage by Ultra
High-performance Liquid Chromatography with Photodiode Array

Figure 4 Chromatograms of the functional beverage at 4 different wavelengths.
The peak numbers and corresponding compounds are the same as in Figure 1

Application 620018X
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High Speed Separation of Glycyrrhizin
by Extreme High Pressure Liquid Chromatography System (XX-LC)
LC
Introduction
Glycyrrhizin is the main component of liquorice root and is used as a flavoring in candies, pharmaceuticals, and
tobacco products.
We examined the applicability of an X-PressPak C18S column (2.1 mm I.D. x 50 mm L.) packed with 2 μm diameter
packing material for the ultra-high speed separation of the above drug. The results were examined to determine
whether the performance of the column and chromatography separation exceeds those of conventional HPLC.
Experimental
The chromatography utilized in this experiment was a JASCO X-LC system consisting of a 3185PU pump, 3080DG
degasser, 3067CO column oven, 3070UV UV/Vis detector, 3059AS auto sampler and a chromatography data system.
Results and Discussion
Figure 1 shows the separation of a standard mixture of glycyrrhizin (0.25 mg/mL) and propyl paraben (0.05 mg/mL).
The X-LC system provides an analysis time 10 times shorter than conventional HPLC while the reproducibility of the
peak ratio is 0.16%. These results well exceed those of conventional HPLC.
Peak

Compounds

1

glycyrrhizin (0.25 mg/mL)

2

propyl paraben (0.05 mg/mL)

Figure 1 Chromatogram of a standard mixture of glycyrrhizin and propyl paraben

Chromatographic conditions
Column=X-PressPak C18S (2.1 mm I.D. x 50mm L.),
Mobile phase=2.07% acetic acid/methanol (60/40)
Flow rate=0.5 mL/min
Column temperature=25°C
Detection wavelength=254 nm
Injection volume=1 μL

Application 742023X-E
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High Speed Separation of Amino Acids using Pre-column Derivatization
by X-LC and its application to wine Analysis
Introduction
Amino acid analysis is becoming more important in a variety of application fields, ranging from food analysis to
protein science. A number of separation and detection methods are currently used. Among them, a combination of
precolumn derivatization with OPA (o-Phthalaldehyde) and separation on a C18 column with fluorescence detection.
This is generally preferred due to the simplicity and high sensitivity of the method. We examined the usefulness of an X
-PressPak V-C (2.0 mm I.D. x 50 mm L.) packed with a 2 μm diameter packing material for the ultra-high speed
separation of amino acids. The results were examined to determine whether the performance of the column and the
chromatography system exceeds those of conventional HPLC.
Experimental
The UHPLC system utilized in this experiment was a JASCO X-LC system consisting of two of a 3185PU pump, a
3080DG degasser, a 3180MX mixing unit, a 3067CO column oven, a 3120FP fluorescence detector, a 3159AS
autosampler, and a chromatography data system. The standard solution was prepared by mixing the amino acid
standard (type H, WAKO, Japan), cysteic acid, and tryptophan to be a concentration of 20 pmol/μL each.
The method was applied to the analysis of cooking wine. The wine was purchased at a grocery store, diluted 10 times
with water, and then filtered with a 0.2 μm membrane filter.
Results and Discussion
Figure 1 shows an X-LC chromatogram of a standard mixture of 18 amino acids (20 pmol each). The UHPLC system
provides an analysis time 5 times shorter than conventional HPLC without sacrificing the resolution between each
peak. Table 1 shows the reproducibility of retention times and peak areas. Relative standard deviations of the
retention times are between 0.048 and 0.429%, and those of peak areas are between 0.546 and 1.9%. These results
consider the X-LC system to be an excellent separation technique. Figure 2 shows an X-LC chromatogram of the wine
sample. Eighteen amino acids were clearly separated from unidentified peaks.
Peak

Figure 1 X-LC chromatogram of a standard mixture
of 18 amino acids (each 20 pmol)

Application 430020X-E

Compounds

1

Cysteic acid

2

Aspartic acid

3

Glutamic acid

4

Serine

5

Histidine

6

Arginine

7

Glycine

8

Threonine

9

Alanine

10

Tyrosine

11

Ammonium

12

Methionine

13

Valine

14

Tryptophan

15

Phenylalanine

16

Isoleucine

17

Leucine

18

Lysine
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High Speed Separation of Amino Acids using Pre-column Derivatization
by X-LC and its application to wine Analysis
Conditions of pre-column derivatization
Sample solution:
amino acid standard solution (type H)+cysteic acid+Tryptophan (20 nmol/mL each),
Derivatization reagent: 0.4 M borate buffer (pH 9.0) OPA(1% MeOH solution)/2-mercaptoethanol (1/0.5/0.01),
Autosampler reaction conditions:
sample volume, 100 uL; reagent volume, reaction volume, 20 uL; reaction time,
30 sec; mixing time, 2 min; injection volume, 1 uL
Chromatographic conditions
Eluent A: 1.0 M citrate buffer (pH 5.8) 3.5 mL in 1 L of H2O,
Eluent B:
1.0 M citrate buffer (pH 5.8) 3.5 mL in 1 L of CH3CN/C2H5OH/H2O(30/30/40), A/B = 90/10(0 min) 90/10(0.2 min) - 72/28(2.2 min) - 72/28(2.5 min) - 42/58(4.6 min) - 42/58(5.0 min) - 23/77(6.1 min) 0/100(6.15 min) - 0/100(7.0 min) - 100/0(7.05 min), injection to injection time = 10 min
Flow rate: 0.6 mL/min
Column:
X-PressPak V-C18(2.0 mmI.D. x 50 mmL, 2 um)
Column temperature: 40°C
Detection wavelength: Ex, 345 nm; Em, 455 nm
The blue line indicates the gradient profile (B%)
Amino Acids

Figure 2 X-LC chromatogram of the cooking wine
The wine was diluted 10 times with water,
and then filtered with 0.2 μm membrane filter.
The other conditions are the same as
in the Figure 1 .

RT

Peak Area

Cysteic acid

0.423

1.806

Aspartic acid

0.429

1.899

Glutamic acid

0.338

1.047

Serine

0.161

0.604

Histidine

0.164

0.701

Arginine

0.149

0.683

Glycine

0.114

0.869

Threonine

0.104

0.859

Alanine

0.080

0.584

Tyrosine

0.074

0.782

Ammonium

0.071

2.290

Methionine

0.061

0.584

Valine

0.060

0.998

Tryptophan

0.060

0.546

Phenylalanine

0.058

0.651

Isoleucine

0.054

0.911

Leucine

0.055

0.601

Lysine

0.048

0.743

Table 1 Reproducibility of retention times
and peak areas (%RSD)
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Ultra High-Speed Analysis of Curcumin in Turmeric by
UHPLC with Photodiode Array Detection
Introduction
Curcumin is the principal curucuminoid of the popular Indian spice turmeric, which is a member of the polyphenols.
It is well known that it has physiological effects such as anti-ulcer, antioxidant and anti-inflammatory activities.
Turmeric curucuminoids contain curcumin as of keto and enol types.
In this report, curcuminoids in turmeric were analyzed using Ultra High-Performance Liquid Chromatography
(UHPLC) with PDA detector, which enables ultra high-speed data aquisition of 100 spectra/sec.
Equipment
Pump
Degasser
Mixer
Column oven
Autosampler
Detector

: X-LC 3185PU x 2
: X-LC 3080DG
: X-LC 3180MX
: X-LC 3067CO
: X-LC 3159AS
: X-LC 3110MD

Conditions
Column: ZORBAX Eclipse Plus C18 (3 mmID x 50 mmL, 1.8 um)
Eluent A: 0.2 % Formic acid
Eluent B: Acetonitrile
Gradient condition: (A/B), 0 min(95/5) -> 1 min(40/60) ->
1.05 min(10/90) -> 1.5 min (10/90)
1 cycle; 4 min
Flow rate: 0.8 mL/min
Column temp.: 40°C
Wavelength: 200-650 nm
Injection volume: 1 uL
Standard sample: Bis-demethoxycurcumin, Demethoxycurcumin,
Curcumin 50 mg/mL each in Water/Acetonitrile (50/50)

Results
Figure 1 shows the chromatogram and contour plot of the curcuminoid standard mixture. Components were clearly
separated within 1 min.

Figure 1
Chromatogram of Curcumin standard mixture.

Application 210004X
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Ultra High-Speed Analysis of Curcumin in Turmeric by
UHPLC with Photodiode Array Detection
Figure 2 shows on-peak spectra of components of the curcuminoid standard. High quality spectra were obtained for
three components.

Figure 2 On-peak spectra of Curcumin standard.
1: Bis-demethoxycurcumin, 2: Demethoxycurcumin, 3: Curcumin

Figure 3 shows the chromatogram of commercial turmeric and on-peak spectrum of each peak. By registering spectra
of standard components in Figure 2, the correlation coefficient was calculated to be as good as 1.000

Figure 3 Chromatogram of commercial turmeric. 1: Bis-demethoxycurcumin, 2: Demethoxycurcumin, 3: Curcumin.

Preparation: Five hundred milligrams of turmeric was first dissolved in 5 ml of acetonitrile. After sonication, the
supernatant was filtered using 0.45 μm membrane filter and the filtrate was diluted with pure water (1:1) and it was
filtered again using 0.2 μm membrane filter.
Application 210004X

Page 36 of 95

Food & Beverage Solutions Book

High Speed Analysis of Dabsyl Amino Acids
by Ultra High-performance Liquid Chromatography
Introduction
There are several methods for Amino Acids Analysis, such as separation by reversed-phase column after precolumn
derivatization and detection using UV/Vis detector, or post-column derivatization after separation by ion-exchange
column and detection using fluorescence detector. Among them, precolumn derivatization method using Dabsyl
chloride as reagent is well known, because Dabsyl chloride reacts easily with both of primary and secondary amino
acids, and derivatized amino acids are stable, assuring easy handling, good accuracy and high sensitivity. In order to
enable easier derivatization method, DAB-Label kit is available from JASCO.
Here, the amino acids in Stout beer were measured using DAB-Label derivatization kit by Ultra High-performance
Liquid Chromatography (UHPLC) with UV-Vis detector.
Equipment
Pump
Degasser
Mixer
Column oven
Autosampler
Detector

: X-LC 3185PU x 2
: X-LC 3080DG
: X-LC 3180MX
: X-LC 3067CO
: X-LC 3159AS
: X-LC 3070UV

Conditions
Column: ZORBAX Eclipse Plus C18 (3 mmID x 50 mmL, 1.8 um) with inline filter
Eluent A: 20 mM Sodium acetate buffer (pH 6.0)/Acetonitrile (85/15)
Eluent B: Acetonitrile
Gradient condition: (A/B), 0 min(90/10) -> 5 min(70/30) -> 7.2 min(40/60)
7.25 min(10/90) -> 7.7 min(10/90) -> 7.75min(90/10)
1 cycle; 10 min
Flow rate: 0.8 mL/min
Column temp.: 25°C
Wavelength: 468 nm (Cell path length: 10 mm)
Injection volume: 1 uL
Standard sample: 21 dabsyl amino acids 2.0 nmol/mL each

Figure 1 shows the dabsylation procedure and in Figure 2, reaction mechanism of dabsylation is illustrated.

Figure 1 Procedure of dabsylation

Figure 2 Reaction mechanism of dabsylation

Application 430023X
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High Speed Analysis of Dabsyl Amino Acids
by Ultra High-performance Liquid Chromatography
Result
Figure 3 shows the chromatogram of 21 components of dabsylation amino acid standard mixture. 21 components
including gamma-aminobutyric acid (GABA) - suppressive neurotransmitter of central nerve, taurine, ornithine, etc.
were separated only within 7.5 minutes.

Figure 3 Chromatogram of 21 components of dabsylated amino acid standard mixture
1: Aspartic acid, 2: Glutamic acid, 3: Serine, 4: Threonine, 5: Arginine, 6: Glycine, 7: Alanine, 8: Proline, 9:
Taurine, 10: Valine, 11: GABA (χ-aminobutyric acid), 12: Methionine, 13: Isoleucine, 14: Leucine, 15:
Phenylalanine, 16: Cystine, 17: Hydroxylysine, 18: Ornithine, 19: Lysine, 20: Histidine, 21: Tyrosine

Figure 4 shows the chromatogram of dabsylated amino acids in Stout beer

Figure 4. Chromatogram of dabsylated amino acids in Stout beer
The peak numbers are the same as in Fig. 3. Preparation: Stout beer was diluted by 50-fold
using dabsylation buffer and dabsyated according to procedure shown in Figure 1.
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High Speed Analysis of Food Colorings in Powder Juice by
UHPLC with Photodiode Array Detection
Introduction
The food colorings are food additives used to give coloring to food and there are chemically synthesized ones
and natural ones. Among those food colorings, there are ones for which evaluation of the effect to health is
performed and also the ones which are approved by Food Sanitation Law specifying the standard of components and
usage. This time some food colorings in powder juice were analyzed using Ultra High-performance Liquid
Chromatography (UHPLC) with PDA detector, which enables ultra high-speed data sampling such as 100 spectra/sec
data acquisition.
Equipment
Pump
Degasser
Mixer
Column oven
Autosampler
Detector

: X-LC 3185PU x 2
: X-LC 3080DG
: X-LC 3180MX
: X-LC 3067CO
: X-LC 3159AS
: X-LC 3110MD

Conditions
Column: X-PressPak V-C18 (2.0 mm I.D. x 50 mmL, 2.0 um)
Eluent A: 0.01M Ammonium acetate/Acetonitrile (95/5)
Eluent B: Acetonitrile
Gradient condition: (A/B), 0 min (100/0) -> 1.0 min (50/50) -> 2.0 min (50/50)
2.05 min (10/90) -> 2.5 min (10/90) -> 2.55 min (100/0)
1 cycle; 5 min
Flow rate: 0.4 mL/min
Column temp.: 40°C
Wavelength: 200 ~ 900 nm
Injection volume: 1 uL

Results
The chromatogram of food coloring standard mixture and a contour plot are shown in Fig. 1. Good separation of
nine ingredients was obtained within 2.5 minutes.

Figure 1 Chromatogram of food coloring standard mixture
1: Tartrazine (Y4), 2: Amaranth (R2), 3: Indigotine (B2), 4: Sunset Yellow FCF (Y5), 5: Allura Red AC
(R40), 6: Fast Green FCF (G3), 7: Brilliant Blue FCF (B1), 8: Erythrosine (R3), 9: Acid Red (R106)
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High Speed Analysis of Food Colorings in Powder Juice by
UHPLC with Photodiode Array Detection
The on-peak spectra of food coloring standard mixture are shown in Figure 2. Good spectrum of each ingredient was
obtained.

Figure 2 On-peak spectra of food coloring standard mixture
1: Tartrazine (Y4), 2: Amaranth (R2), 3: Indigotine (B2), 4: Sunset Yellow FCF (Y5), 5: Allura Red AC (R40),
6: Fast Green FCF (G3), 7: Brilliant Blue FCF (B1), 8: Erythrosine (R3), 9: Acid Red (R106)

Figure 3 Chromatogram of components in powder juice
1: Tartrazine (Y4), 2: Amaranth (R2), 3: Indigotine (B2)
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High Speed Analysis of Food Colorings in Powder Juice by
UHPLC with Photodiode Array Detection

Figure 4 Spectrum search results of components in powder juice
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Analysis of Total Aflatoxins in Food by HPLC and UHPLC
Introduction
Aflatoxins are one of the mycotoxins which are produced from the microorganisms such as Aspergillus flavus,
Aspergillus parasiticus and Aspergillus nomius living in tropical or subtropical regions and, they have a strong
carcinogenic action. It has been reported that the higher level of aflatoxins than the regulated level in Food Sanitation
Act has been detected mainly from imported grain, pulse and spice. Recently, it is also reported that the aflatoxins
have been detected even from the Japanese domestic foods.
The Japanese Government has announced on the 31st of March, 2011 that the regulation in Food Sanitation Act
related to the aflatoxins will be strengthened and, the new act will become mandatory from the 1st of October, 2011.
In the previous regulation, the quantity of aflatoxin B1 giving the strongest carcinogenic effect in the natural
compounds available, must be regulated to be lower than 10 ug/kg. However, in the present regulation, it is
strengthened so that the total aflatoxins (sum of aflatoxin B1, B2, G1 and G2) must be lower than 10 ug/kg.
In the new procedure of the present regulation, the derivatization method by using of trifluoroacetic acid (TFA) in
combination with HPLC including fluorescence detector has been recommended in order to improve the sensitivity
of aflatoxin B1 and G1. In addition to the derivatization method, the utilization of multi-functional columns or
immunoaffinity colums has been recommended to improve the reproducibility and recovery in the sample preparation
procedure.
Conventional HPLC
Equipment
Pump
Column oven
Autosampler
Detector

Conditions

: PU-2089
: CO-2060
: AS-2057
: FP-2020

Column: YMC-Triart C18 (4.6 mm I.D. x 150 mmL, 5 um)
Eluent A: Water/Methanol/Acetonitrile (60/30/10)
Eluent B: Acetonitrile
Gradient Condition: (A/B), 0.00 min (100/0) -> 15.00 min (100/0)
15.05 min (0/90) -> 20.00 min (0/90)
20.05 min (100/0) 1 cycle; 35.5 min
Flow Rate: 1.0 mL/min
Column Temperature: 40 °C
Wavelength: Ex. 365 nm, Em. 450 nm, Gain x100
Injection Volume: 20 μL
Standard Sample: Mixture of aflatoxin B1, B2, G1, and G2 (0.5~10 ug/L each)
UHPLC

Equipment
Pump
Degasser
Mixer
Column oven
Autosampler
Detector:

Conditions

: X-LC 3185PU x 2
: X-LC 3080DG
: X-LC 3180MX
: X-LC 3067CO
: X-LC 3159AS
X-LC 3120FP

Application 630005HX

Column: X-PressPak V-C18-WL (3.0 mm I.D. x 75 mmL, 2 um)
Eluent A: Water/Methanol/Acetonitrile (65/18/17)
Eluent B: Acetonitrile
Gradient Condition: (A/B), 0.00 min (100/0) -> 3.50 min (100/0)
3.55 min (0/90) -> 4.50 min (0/90) -> 4.55 min (100/0)
1 cycle; 7.5 min
Flow Rate: 0.8 mL/min
Column Temperature: 40 °C
Wavelength: Ex. 365 nm, Em. 450 nm, Gain x100
Injection Volume: 5 μL
Standard Sample: Mixture of aflatoxin B1, B2, G1, and G2 (0.5~10 ug/L each)
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Analysis of Total Aflatoxins in Food by HPLC and UHPLC
Structure
The aflatoxin B1, B2, G1 and G2 are the compounds yielding natural fluorescence. However, the fluorescence intensity of
B1 and G1 is not enough in comparison to that of B2 and G2 and accordingly, the intensity of B1 and G1 needs to be
improved by changing their natural form into hydroxidized form by TFA derivatization.
The structure of aflatoxin B1, B2, G1 and G2 and the structure of derivatized B1 and G1 are shown in Figure 1.

Figure 1
Structure of aflatoxin B1, B2, G1, G2 and TFA-derivatized B1 and G1

Derivatization
The procedures for TFA derivatization of standard mixture of aflatoxins and actual sample are shown in Figure 2.

Figure 2 TFA derivatization
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Analysis of Total Aflatoxins in Food by HPLC and UHPLC
Sample preparation
Corn grits and roasted peanuts were selected as actual sample, and the multi-functional column was applied to the
sample preparation of corn grits, while the immunoaffinity column was applied to the preparation of roasted peanuts.
Each of sample preparation procedure is shown in Figure 3.

Figure 3 Sample preparation procedure
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Analysis of Total Aflatoxins in Food by HPLC and UHPLC
Results
The chromatograms of standard mixtures of aflatoxins TFA-derivatized (each of 5.0ug/L) are shown in the Figure 4
(by conventional HPLC (upper), by UHPLC (lower)). The separation is completed within 12 minutes by the conventional
HPLC, while completed within the 3.5 minutes by the UHPLC.
Regarding the linearity of standard mixtures of aflatoxins in the range from 0.5 to 10ug/L each of aflatoxin, the
excellent correlation coefficient over 0.9997 was obtained for both conventional HPLC and UHPLC.
Concerning the reproducibility including the TFA derivatization procedure (N = 6), the good result less than 0.2%
RSD and 3% RSD in peak retention time and area respectively, was obtained for the conventional HPLC.
In the UHPLC, also the good reproducibility less than 0.2% RSD and 3.5% RSD in peak retention time and area
respectively, was obtained. Each of 1.0ug/L of standard mixture of aflatoxins was used for this estimation.
Peak

Compounds

1

Aflatoxin G1

2

Aflatoxin B1

3

Aflatoxin G2

4

Aflatoxin B2

Figure 4 Chromatograms of standard mixture of aflatoxins
(5.0 ug/L each, TFA derivatized)

The chromatograms of the purified solution from corn grits utilizing multi-functional column (MycoSep 226 AflaZon+)
in sample preparation are shown in Figure 5 (by both the conventional HPLC and UHPLC).
The samples from corn grits and those spiked with standard mixture of aflatoxins, were used for the estimation of
recovery of aflatoxins. Almost no contaminant peaks are observed in the chromatograms and good recovery of
standard aflatoxin was obtained for both conventional HPLC and UHPLC as shown in Table 1.
The chromatograms of the purified solution from roasted peanuts utilizing immunoaffinity column (AFLAKING)
in sample preparation are shown in Figure 6 (by both the conventional HPLC and UHPLC).
The samples from roasted peanuts and those spiked with standard mixture of aflatoxins, were used for the estimation
of recovery of aflatoxins.
Almost the no contaminant peaks are observed in the chromatograms and good recovery of standard aflatoxin was
obtained for both conventional HPLC and UHPLC as shown in Table 2.
Application 630005HX
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Figure 5 Chromatograms of purified solution from corn grits
1=Aflatoxin G1, 2=Aflatoxin B1, 3=Aflatoxin G2, 4=Aflatoxin B2

Figure 6 Chromatograms of purified solution from roasted peanuts
1=Aflatoxin G1, 2=Aflatoxin B1, 3=Aflatoxin G2, 4=Aflatoxin B2

Table 1 Recovery [%] of standard aflatoxins
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Analysis of Piperine in Peppers Using On-Line SFE-UHPLC
with Photodiode Array Detection
Introduction
Ultra high-performance liquid chromatography (UHPLC) is a separation technique that utilizes columns packed with
microparticles (<2 μm in diameter), as provided by the Xtreme liquid chromatography X-LC system.
UHPLC is gaining popularity due to its higher separation efficiency and low consumption of solvent. UHPLC separation
times can be up to 10 times shorter than those required by conventional HPLC. However, the hardware for UHPLC
must be designed carefully to minimize the peak dispersion of very narrow peaks generated by the technique.
Several extraction methods are used for a solid sample, such as classical solvent extraction and Soxhlet extraction.
However, they require cumbersome pretreatment procedures and a lengthy extraction time, resulting in operating
errors. Supercritical fluid extraction (SFE) has been investigated as an extraction method because it offers fast, costeffective, and environmentally friendly extraction. These qualities are a result of the faster mass transfer in the
supercritical fluid than in a liquid extractant. Carbon dioxide, which is used as the extraction medium in SFE, features
mild critical parameters of TC = 31.1 °C and PC = 7.38 MPa, has low toxicity, and is inexpensive.
Hyphenating the multiple methods in an analysis system has many advantages, such as decreasing the analysis time,
reducing the cost, simplifying sample pretreatment, and increasing the sensitivity and selectivity.
In 1985, Sugiyama and co-workers reported on directly coupled SFE and supercritical fluid chromatography (SFC), and
showed hyphenated analysis of caffeine from coffee beans.3 In 1987, Hawthorne and Miller described hyphenation of
SFE-GC and analyzed polycyclic hydrocarbons and polychlorinated biphenyls from environmental solids In 2003, Ashraf
-Khorassani and coworkers investigated on-line SFC-LC for determining polymer additives.5 However, hyphenating SFE
and UHPLC for the analysis of solid samples has yet to be reported.
The on-line JASCO SFE-UHPLC system employs valve-switching techniques.
Components of interest in a solid sample are extracted effectively in the SFE system, automatically introduced into the
UHPLC system, and subjected to rapid separation and detection with high sensitivity.
The system offers very high speed and extremely sensitive analysis without complicated pretreatment.
Pepper is widely used as a spice. Piperine, the main constituent of pepper, is an alkaloid responsible for the sharp,
pungent taste. In 1988, Takagi and co-workers studied the extraction efficiency of SFE of piperine from whole
peppercorns treated by gamma ray.
Piperine reportedly possesses several pharmacological characteristics. Since it is generally accepted as the
predominant pungency in pepper, a quick and simple method to analyze piperine was needed.
Experimental - Apparatus
The SFE-UHPLC hyphenated system was constructed from an SFE system and a UHPLC system (both from JASCO).
Figure 1 shows the flow diagram of the on-line SFE-UHPLC system. Piperine solution was injected with an autosampler
(AS1), or a pepper powder sample was placed in the extraction vessel. Target compounds in the sample were extracted
under specified SFE conditions, and then trapped and concentrated on the trap column, which was connected in the
high-pressure switching valve unit section.
After the extraction, a conditioning solvent was delivered from the conditioning pump to remove the gaseous CO2 in
the trap column. The trap column was then connected to the separation column by switching the UHPLC switching
valve (V2), and the trapped compounds were separated by the separation column in the UHPLC system.
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with Photodiode Array Detection

Figure 1 Diagram of on-line SFE-UHPLC system.

Chemicals
Carbon dioxide (99.99%) was purchased from Nippon Tansan, Co., Ltd. (Tokyo, Japan). Acetonitrile and methanol were
from Wako Pure Chemicals (Osaka, Japan) and were used as modifiers (HPLC grade). Piperine (Wako Pure Chemicals) in
methanol was prepared as a standard solution, with concentrations of 0.1 mg/mL. Ultrapure water was obtained from
a Milli-Q water purification system (Millipore, Bedford, MA). Samples were finely ground black and white pepper
powders. Finely ground black and white pepper powders from S&B Foods (Tokyo, Japan) were obtained from a grocery
store.
Preparation of extraction samples
The pepper samples for SFE were prepared using the following procedure:
1) Pepper powder was mixed with calcium sulfate dihydrate (1:999) (to dilute the pepper powder concentration in the
sample to be extracted),
2) 10 mg of the mixed sample was placed in the extraction vessel
3) The stainless steel rod was inserted to fill the vessel and fix the sample firmly to the bottom
4) The vessel cap was closed.
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Results and discussion
Effect of temperature and pressure on SFE
The extraction efficiency varied with temperature and pressure.
The effect of these parameters on the extraction efficiency was examined by changing the temperature of the
extraction to 40 and 60 °C, and by changing the pressure to 10, 15, 20, 25, and 30 MPa.
The results were very similar under all conditions.
As the temperature of supercritical carbon dioxide becomes elevated at a constant pressure, the density and solvating
power decrease. As the pressure becomes elevated at a constant temperature, the density of supercritical
carbon dioxide increases and offers higher solvating power. Therefore, in this study, the extraction temperature was
set to 40 °C and the pressure to 30 MPa.
Difference in trap column performance
1) Column packings. The change in efficiency for trapping piperine (0.1 mg/mL, 1.0-μL injection) onto the trap column
was studied by using two different types of trap column: an EV-C18 (ODS C18) cartridge column, and an EV-PS
(polystyrene divinylbenzene copolymer) cartridge column.
Figure 2 compares the chromatograms of piperine obtained with these two columns and the peak parameters for
piperine. It can be seen that the number of theoretical plates (NTP) and the symmetry factor for the EV-PS cartridge
column are better than those for the EV-C18. Extracts were retained by hydrophobic interaction on C18 alkyl chains
on the EV-C18 packing material; on the EV-PS packing material, extracts were retained on phenyl groups by π–π
interaction between piperine and the packing material. The EV-PS loading capacity is larger than that of the EV-C18
because active sites are in the material of the EV-PS itself, whereas the active sites of EV-C18 are chemically bonded
to the surface of porous silica gel particles. Therefore, the EV-PS column was used for the following piperine analysis.
2) Trap column length. The trapping efficiency was examined by changing the length of the trap column.
Table 1 shows the peak parameters of piperine obtained by changing the length of the trap column. In the case
of the 5-mm-long trap column, the NTP and the symmetry factor were better than those of the other length columns;
however, the peak area was smaller than the other columns. This demonstrates that the 5-mm trap column cannot
sufficiently trap the eluting compounds. Peak areas were the same for the 10-mm and longer columns. Since the NTP
and the symmetry factor of the 20-mm-long column were the best among these columns, the authors decided to use
the 20-mm trap column.
3) Peak area and retention time reproducibilities. Peak area and retention time reproducibilities were calculated by five
consecutive injections. The relative standard deviations for the retention times and peak areas were 0.36% and 1.91%
(n = 5), respectively.

Figure 2 Comparison of piperine chromatograms
using EV-C18 and EV-PS cartridge columns.
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4) Recovery. Recovery of piperine was calculated by the peak areas measured by the UHPLC system and the on-line SFE
-UHPLC system. The recovery was 96.0%.
5) Optimization of fractionation time. The SFE profile of the extracts from black pepper powder was monitored with an
X-LC 3110MD photodiode array (PDA) detector to optimize the fractionation time. Extraction from pepper was
completed in 0.3 min, which is less than classical solvent extraction methods. Fractionation was carried out from 0.0 to
0.5 min. The spectrum of the pepper extract was compared with a piperine spectrum. The correlation coefficient of the
two spectra was 0.8265, showing that the extracts from the black pepper contained piperine.
6) Analysis of piperine in black and white pepper powder. Figure 3 shows the SFE extraction profile and UHPLC
chromatograms of black pepper powder. The piperine peak in the black pepper powder was identified by retention
time. Figure 3 also depicts the spectra of piperine standard and the piperine peak in the black pepper extract. The
two spectra were perfectly matched, and the correlation coefficient was 1.0000. This demonstrates that piperine in the
black pepper powder was extracted efficiently and separated cleanly by UHPLC in a short period of time. The content
of piperine in the black pepper was found to be 55.6 mg/g by calculating the peak areas from the chromatograms
of the piperine standard and black pepper. The reproducibility for the black pepper analysis was 4.53% (n = 5). White
pepper powder was also analyzed using a similar method. The content of piperine in the white pepper was determined
to be 34.6 mg/g. The reproducibility for the white pepper analysis was 3.73% (n = 5).

Figure 3 Sample: black pepper; a) SFE profiles at 345, 390, and 370 nm; a′) SFE proﬁle contour plot; b)
UHPLC chromatograms at 345, 390, and 370 nm; b′) UHPLC contour plot; and c) comparison of on-peak
spectra of piperine standard and the peak in black pepper.

7) Comparison of extraction method efficiency. In order to compare method efficiency, three different techniques were
performed: simple solvent extraction, Soxhlet extraction, and on-line SFE-UHPLC (see Table 2). The procedure for the
on-line SFEUHPLC method is simple and pretreatment time is very short.
8) Comparison of piperine recoveries. Table 3 shows the recoveries of piperine extraction in black and white pepper
using the three extraction methods. The amount of piperine obtained by all three methods was about the same. This
shows that the extraction of piperine by SFE offers comparable recoveries.
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Conclusion
Using UHPLC, it takes 1.7 min to analyze piperine, which is four times faster than HPLC (7.7 min). The X-LC UHPLC
system and the SFE system were hyphenated successfully employing the column-switching techniques. Extracts
containing piperine were trapped in the SFE system using an EV-PS cartridge column packed with styrene
divinylbenzene copolymer. Good reproducibility in the UHPLC system was obtained, i.e., RSD%: 0.36% (retention time)
and 1.91% (peak area). Overall recoveries were 96.0%.
The piperine spectra for both the standard sample and the pepper extract, measured with the X-LC 3110MD PDA
detector, matched very well. Piperine in the black pepper was 56.6 mg/g; in white pepper it was 34.6 mg.
The amount of piperine obtained by the three extraction methods was compared and was in good agreement.
The on-line SFE-UHPLC method is very simple and offers high-speed analysis. The method will be useful for analyzing
compounds in solid samples without complicated pretreatment or sample transfer.
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Analysis of Benzoic acid, Sorbic acid and Dehydroacetic acid
Introduction
Among the food additives, there are several food preservatives. They have a function to inhibit proliferation of various
microorganism which causes the rot of food, while many of them are toxic, and accordingly, the usage of such
preservatives is limited and the target foods are regulated by the Food Sanitation Law. This report describes the
analysis of three kinds of food preservatives, Benzoic Acid, Sorbic Acid and Dehydroacetic Acid, according to the testing
method for food additives described in the Standard methods of Analysis for Hygienic Chemistry.
Equipment
Pump: PU-2080
Degasser: DG-2080-53
Autosampler: AS-2057
Column oven: CO-2060
Detector: UV-2075

Conditions
Column: CrestPak C18S (4.6 mmI.D. x 150 mmL, 5 um)
Eluent : 5 mmol/L Citrate buffer (pH 4.1) / Acetonitrile / Methanol (70/20/10)
Flow rate: 1.0 mL/min
Column temp.: 40°C
Wave length: 230 nm
Injection volume: 10 uL
Standard sample: Benzoic acid, Sorbic acid, Dehydroacetic acid 2 ug/mL
each in water

Figure 1 shows the structure of each preservative.

Figure 1 Structure of the preservatives
Result
The chromatogram of standard mixture displayed in Figure 2 shows a good separation of the three components within
9 minutes.

Figure 2 Chromatogram of standard mixture containing 3 preservative components
1: Benzoic acid, 2: Sorbic acid, 3: Dehydroacetic acid
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Analysis of Dabsyl Amino Acids by High-performance Liquid
Chromatography
Introduction
The postcolumn derivatization with HPLC for amino acids analysis has prevailed as a simultaneous separation
method of multicomponents by using a selective, high-sensitivity detector and a reversed phase column.
Many results of amino acids analysis using Dabsyl chloride (4-(Dimethylamino)azobenzene-4’-sulfonyl chloride:DABSCl) as a reagent for precolumn derivatization have been reported because the amino acids derivatized by Dabsyl
chloride are comparatively more stable than by other derivatization agents and for detection, simply a UV/VIS detector
can be used with high sensitivity. Here the standard mixture of amino acids was measured by the system using Dabsyl
chloride.
Equipment
Pump: PU-2080
Degasser: DG-2080-53
Gradient unit: LG-2080-02
Autosampler: AS-2055
Column oven: CO-2060
Detector: UV-2070

Conditions
Column: Dabsylpak II (4.6 mmID x 150 mmL, 5 μm)
Pre-column: Dabsylpak II-P (4.6 mmID x 35 mmL, 5 μm)
Eluent A: 20 mM Sodium acetate (pH6.0)
Eluent B: Acetonitrile
Gradient condition: (A/B), 0 min (78/22) -> 3 min (78/22) -> 25 min
(70/30) -> 40 min (40/60) -> 40.1 min (20/80)
45 min (20/80) -> 45.1 min (78/22) 1cycle: 55 min
Flow rate: 1.0 mL/min
Column temp.: 45 °C
Wavelength: 465 nm
Injection volume: 20 μL
Standard sample: Amino acids mixture 40 pmol each, Type H

Result
Figure 1 shows the chromatogram of standard mixture of amino acids. 17 kinds of amino acids were separated in 45
minutes.
Peak Compounds

Figure 1 Chromatogram of standard mixture of amino acids
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Analysis of Dabsyl Amino Acids by High-performance Liquid
Chromatography
Advantages of Dabsylation
By using the kit (DAB Label), the procedure of intricate preparation of derivatization can be avoided .
Amino acid composition of 0.5 ug of proteins or peptides can analyzed with good accuracy and reproducibility.
17 kinds of the derivatized amino acids can be separated within 45 minutes.
The derivatized amino acids are very stable. (for one month at room temperature)
The derivatized amino acids can be detected by visible light at 465 nm, which allows high-sensitivity analysis without
the interference from other components having UV absorption.
DABS-Cl reacts with α-amino group, ε-amino group, phenolic hydroxyl group and imidazole group.
Figure 2 shows a reaction formula with α-amino group.

Figure 2 Reaction formula with α-amino group
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High Speed Analysis of Melamine in Dairy Product
Introduction
Melamine is a kind of organic nitrogen compounds which have triazine ring in the center of their structure. It is used
as the material of melamine resin which has high thermal and water resistance and is used for mechanical
strengthening.
Recently, there was a case that melamine was used as an additive of diluted milk in order to pretend as the high
protein content, and then milk product made from these milk have caused the health problem. In order to secure the
safety of food, Food and Drug Administration (FDA) has been evaluating the risk of melamine and also assigned HPLC
(UV detection method) as one of the analysis methods of melamine in food.
In this paper, the analysis results of melamine in milk product measured using PDA detector are reported.
Equipment
Pump: PU-2089
Autosampler: AS-2057
Column oven: CO-2065
Detector: MD-2018

Conditions
Column: ZORBAX RX-C8 (4.6 mmID x 150 mmL, 5 μm)
Eluent: 10mM Citric acid, 10mM Sodium-1-octanesulfonate in Water/
Acetonitrile/Methanol (85/7.5/7.5)
Flow rate: 1.0 mL/min
Column temp.: 40°C
Wavelength: 200-400 nm
Injection volume:10 μL
Standard sample: Melamine 10 mg/mL in Water

Result
Figure 1 shows the structure of melamine and Figure 2, Chromatogram and contour plot of melamine standard sample.

Figure 1 Structure of melamine

Figure 2 Chromatogram of melamine
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High Speed Analysis of Melamine in Dairy Product
Figure 3 shows the on peak spectrum of melamine standard sample. The clear spectrum was obtained.

Figure 3 On peak spectrum of melamine standard sample

Figure 4 shows the chromatogram and on peak spectrum of milk added with melamine. By registering spectrum of
standard sample in Figure 3, the correlation coefficient was calculated to be as good as 1.000.

Figure 4 Chromatogram of milk added with melamine

Sample preparation
20 μL of 100 μg/L melamine solution was added to 180 μL of milk, diluted by 1800 μL of ultrapure water and added to
200 μL of eluent. The solution was centrifugated at 5000 rpm in 10 min, and thenthe supernatant was filtrated using
0.45 μm membrane filter.
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Analysis of Aflatoxins
Introduction
Aflatoxins are mold venom generated from Aspergillus flavus and about ten kinds of the related compounds are
known. It is considered that Aflatoxins B1, B2, G1, G2 and M1 can be carcinogens and contaminants for foods.
According to a hygienic method, five kinds of Aflatoxin standard mixture were separated by normal phase
chromatography and detected with a fluorescence detector.
Figure 1 shows the chromatogram of Nuts pretreated according to the procedure shown in Figure 2.
Equipment
Pump: PU-2089
Autosampler: AS-2055
Column oven: CO-2060
Detector: FP-2020

Condition
Column: Finepak SIL-5
Eluent: Toluen / Ethyl Acetate / MeOH /
Formic acid = 50 / 5 / 2 / 1
Wavelength: Ex 365 nm, Em 425 nm, Gain x 100
Flow rate: 1.0 mL/min.
Column temperature: 40°C
Injection volume: 10 μL
Sample: STD mixture
B1: 0.8 ppm
B2: 0.4 ppm
G1: 0.4 ppm
G2: 0.4 ppm
M1: 0.6 ppm

Figure 2 Pretreatment method

Figure 1 Chromatogram of Aflatoxins
standard mixture and Nuts
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Analysis of Amino Acids
by Automated Pre-column Derivatization with OPA
Introduction
Pre-column derivatization methods for amino acid analysis has widely been used in reversed-phase HPLC, as they offer
high selectivity and sensitivity for multiple components. Many derivatization reagents are commercially available and
one can choose the most suitable reagent for his/her application. Among them, orthophtalaldehyde (OPA) is one of
the most commonly used reagents because it reacts with amino acids very quickly (seconds) at room temperature and
derivatized amino acids can be detected by a fluorescence detector with increased sensitivity. In this application, the
OPA pre-column derivatization is demonstrated by using the automated pre-column derivatization function of JASCO’s
autosampler for much better reproducibility than manual sampling.
Equipment
Pump
Degasser
Gradient Unit
Column oven
Autosampler
Detector

: PU-2080
: DG-2080-54
: LG-2080-04
: CO-2060
: AS-2057
: FP-2020

Condition
Column: CrestPak C18S (4.6 mmID x 150 mmL, 5 μm)
Eluent A: Sodium acetate buffer (Ph 6.0)/Methanol/THF (89/10/1)
Eluent B: Methanol/THF (90/10)
Gradient condition: (A/B), 0 min(85/15) -> 7 min(80/20) -> 19 min(56/44)
23 min(48/52) -> 29 min(48/52) -> 30 min(0/100) - > 35 min(0/100)
35.1 ~ 60 min(85/15) 1 cycle; 60 min
Flow rate: 1.0 mL/min
Column temp.: 20°C
Wavelength: Ex. 345 nm, Em. 455 nm, Gain x100
Injection volume: 10 μL

Results
The 18 standard amino acids were completely separated within 35 minutes as shown in Figure 1.
Peak Compounds

Figure 1 Chromatogram of standard mixture of amino acids.
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Analysis of Amino Acids
by Automated Pre-column Derivatization with OPA
Pre-column Derivatization Function of Autosamper
The operating principle of the pre-column derivatization function of model AS-2057 autosampler is as shown in
Figure 2 by using this function, the pre-column derivatization can be performed automatically.

Figure 2 Pre-column derivatization function of model AS-2057 Autosampler.

Conditions for Pre-column Derivatization
Volume of sample solution: 50 μL
Volume of reagent solution: 10 μL
Reaction time: 0.1 min
Reagent solution: 0.4 M borate/1% OPA solution/2-mercaptoethanol(1/0.5/0.01)
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Analysis of p-Hydroxybenzoate Ester
Introduction
Preservative is one of additives used for preserving food. Preservatives have a function for suppressing the
propagation of several kinds of microorganism causing the putrefaction and the rancidification of food, while many of
such preservatives have toxicity. Therefore the use of preservatives is limited by Food Sanitation Law, and target food
and used amount are controlled. In this application data, the analysis of p-Hydroxybenzoate Ester which is one of
preservatives was implemented in accordance with food additive test method which is carried on Methods of Analysis
in Health Science as reported below.
Experimental
[Equipment]
Pump:
Degasser:
Column oven:
Autosampler:
Detector:

PU-2080
DG-2080-53
CO-2060
AS-2057
UV-2075

[Conditions]
Column:
CrestPak C18S (4.6 mmI.D. x 150 mmL, 5 µm)
Eluent:
Acetonitrile/5 mmol/L Citrate buffer (pH 4.1) (60/40)
Flow rate: 1.0 mL/min
Column temp.:
40 °C
Wavelength:
270 nm
Injection volume: 10 µL
Standard sample: p-Hydroxybenzoate ester 1 µg/mL each in water
(methyl, ethyl, propyl, butyl, isobutyl)

Structural formulas of p-Hydroxybenzoate Ester are as follows (Figure 1).

Figure 1 Structural Formula of p-Hydroxybenzoate Ester
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Analysis of p-Hydroxybenzoate Ester
Results
Chromatogram of standard mixture of p-Hydroxybenzoate Ester is shown as in Fig. 2. Five components were eluted
with good separation within 10 minutes.

Figure 2 Chromatogram of Standard Mixture of p-Hydroxybenzoate Ester
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Analysis of Saccharin Sodium
Introduction
The used amount of sweetener to be added for the purpose of giving a sweetness to food is controlled by the
Food Hygiene Law. This time, regarding the saccharin sodium which is one of the sweeteners, the result of analysis
based on the Food Additive Test Method that is posted to the annotation of the Food Hygiene Law is reported as
below.
Experimental
[Equipment]
Pump:
Degasser:
Column oven:
Autosampler:
Detector:

PU-2080
DG-2080-53
CO-2060
AS-2057
UV-2075

[Conditions]
Column:
CrestPak C18S (4.6 mmI.D. x 150 mmL, 5 µm)
Eluent:
0.05 mol/L Phosphate buffer (pH 6.9)/Methanol (90/10)
Flow rate: 1.0 mL/min
Column temp.:
40 °C
Wavelength:
230 nm
Injection volume: 10 µL
Standard sample: Saccharin sodium 0.5 ug/mL in water

Structural formula of saccharin sodium is shown in Figure 1.

Figure 1 Structural Formula of Saccharin Sodium

Figure 2 The Chromatogram of Standard Sample of Saccharin Sodium
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Semi-preparative Separation of Ginsenoside in Ginseng
Introduction
Ginseng is a kind of natural medicine of araliaceae herbaceous perennial which is also called as Asian ginseng or
Korean ginseng. It is said that ginseng has many positive effects on recovering from fatigue, pyretolysis, blood pressure
control (low- and high- blood pressure), anti-inflammatory /antibacterial action (gastric and duodenal ulcer),
hemostasis, cardiotonic action, anti-tumor action (anti-cancer action), diabetes care (blood-sugar level control and
insulin secretagogue). Ginseng contains a lot of ginsenoisides which are a kind of saponin. Ginsenoiside Rb1 has central
depressant action and ginsenoiside Rg1 has central excitatory action, and their anti-fatigue and sedative action have
been reported.
In this LC application data, after studying the separation of ginsenoside Rb1 and Rg1 using conventional HPLC by
gradient elution method, the separation using scaled up semi-preparative HPLC will be reported.
Conventional HPLC
Equipment
Pump
Column oven
Autosampler
Detector

: PU-2089
: CO-2060
: AS-2057
: MD-2018

Conditions
Column: YMC-PACK Pro C18 (4.6 mm ID x 250 mmL, 5 um)
Eluent: A; Water, B; Acetonitrile, linear gradient
Gradient condition: (A/B), 0 min(80/20) -> 15 min(50/50) -> 20 min(50/50)
20.1 min(80/20) 1 cycle; 40 min
Eluent flow rate: 1.0 mL/min
Column temp.: 25 °C
Wavelength: 200 ~ 450 nm, 203 nm
Injection volume: 20 uL
Standard sample: Powdered Ginseng (1.0g/50mL in 60% methanol)

Semi-Preparative HPLC
Equipment
Pump:
Mixer:

PU-2086 x 2
MX-2080-32
(with 10ml chamber)
Column oven:
CO-2060
Autosampler:
AS-2057
Detector:
MD-2018
(with semi-prep cell)
Data System :
ChromNAV
Fraction Collector: ADVANTEC SCF 122SC
with FC-2088-30

Conditions
Column: YMC-PACK Pro C18 (20 mm ID x 250 mmL, 5 um)
Eluent: A; Water, B; Acetonitrile, linear gradient
Gradient condition: (A/B), 0 min(80/20) -> 15 min(50/50) -> 20 min(50/50)
20.1 min(80/20) 1 cycle; 40 min
Eluent flow rate: 15 mL/min
Column temp.: 25 °C
Wavelength: 203 nm
Injection volume: 5 mL
Standard sample: Powdered Ginseng (1.0g/50mL in 60% methanol)

Preparation (extraction)
(1) Weigh precisely 1.0 g of powdered ginseng and put into the centrifuge tube.
(2) Add 30 mL of 60% methanol and mix them for 15 minutes.
(3) Apply centrifugation (3,000 rpm, 10mim) and put the supernatant into 50 mL measuring flask.
(4) Add 20 mL of 60% methanol to the residue and implement the same procedure.
(5) Add 60% methanol to collected supernatant in measuring flask to be 50 mL.
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Semi-preparative Separation of Ginsenoside in Ginseng
Figure 1 shows the structural formula of ginsenosides.

Figure 1 Structual Formula of Ginsenosides

Result
Figure 2 shows the chromatogram and contour plot of the extracts from ginseng powder by using conventional HPLC.
Since the retention volumes of ginsenoiside Rg1 and Rb1 are different, the separation condition has been determined
using gradient elution procedure. Using PDA detector and by comparing spectra for improving the separation of the
target from other components, ginsenoiside Rg1 and Rb1 were clearly separated within 16 minutes.

Figure 2 Chromatogram of the Extracts from Ginseng Powder
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Semi-preparative Separation of Ginsenoside in Ginseng
Figure 3 shows the chromatogram of ginseng powder obtained by using semi-preparative separation HPLC scaled up
from conventional HPLC. In order to obtain separated ginsenoisides as much as possible, 5 mL of sample was injected.
Figure 4 shows the fraction display in ChromNAV, JASCO chromatography data system. The fractionated peaks and
sample rack position for the targets are highlighted with green color. Figure 5 shows chromatogram of each fraction
obtained under the same condition as in Figure 2. Since ginsenoiside Rb1 and the other components were not
separated completely in Figure 3, the small peaks were still seen just after ginsenoiside Rb1, but it was confirmed that
each compound was clearly isolated.

Figure 3 Semi-preparative Chromatogram of the Extracts from Ginseng Powder

Figure 4 Fractionation Result of the Extracts from Ginseng Powder (ChromNAV Display)

Figure 5 Chromatogram of Fractionated Compounds
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Semi-preparative Separation of Ginsenoside in Ginseng
Blank chromatogram
In the case of fractionation by gradient elution method, when the base line is fluctuated, it is difficult to judge the level
slope correctly. For instance, the target has UV absorption only in shorter wavelength range and the eluent used for
gradient elution also has UV absorption in the same range. JASCO chromatography data system ChromNAV has “blank
chromatogram” function which enables to record the blank chromatogram measured in advance and show the
chromatogram in which such baseline is subtracted, for judgment for fractionation. In this analysis of ginseng, since the
peaks are detected at 203 nm and methanol which has UV absorption has been used in gradient, this function was
employed. Figure 4 shows chromatogram with baseline fluctuation, but in practice for fractionation, the peaks were
isolated under baseline corrected chromatogram.
Figure 6 shows chromatogram with and without “blank chromatogram” function.

Figure 6 Chromatogram with and without “blank chromatogram” function.
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Supercritical Fluid Extraction of Residual Pesticides
in Wheat Flour
Introduction
In Japan on the 29th of May 2006 the Ministry of Health, Labor and Welfare (MHLW) promulgated the Positive List
System for residual pesticides, food additives, and veterinary medicines remaining in foods, following the revision of
the Food Hygiene Law. In this list approximately 800 kinds of those agricultural chemicals were registered. This system
is to prohibit the distribution of foods that contain more than 0.01 ppm of each chemical.
The extraction of residual pesticides in foods has been performed by the solvent extraction method. This method,
however, takes about 4-5 hours for each extraction, and requires a large volume of organic solvent. In recent years,
supercritical fluid extraction (SFE) using supercritical carbon dioxide has attracted much attention as an alternative
method to the solvent extraction method.
We have developed a fully automated residual pesticide extraction system, and applied this system to analysis of
wheat flour sample. Extracted components were analyzed by GC-MS/MS.
Experimental
The newly developed fully automated residual pesticide extraction system was used throughout the experiment. The
schematic diagram of this system is shown in Figure 1.
As an analytical sample, wheat flour was selected. Sixty-eight kinds of pesticides were added to the flour to be a
concentration of 0.1 ppm for each pesticide except captan, 1 ppm and acetamiprid, 0.5 ppm. Four grams of the flour
was loaded in each extraction vessel, the extracted components were adsorbed on a trap column, trapped
components were eluted with acetonitrile, the acetonitrile solution was evaporated to dryness with nitrogen gas, and
the residue was dissolved in 4 mL of acetone containing 0.05% of PEG200 and PEG400. A portion of this solution was
injected onto the GC.
Results and Discussion
Chromatograms of the standard mixture (upper), the sample added with the standard (middle), and the blank (lower)
are shown in Figure 2.
As shown in Table 1, among 68 components of the pesticides, 61 components exhibited more than 70% recovery, and
64 components more than 50% recovery. The recovery of acephate, acetamiprid, methamidophos, and pencycuron
was as low as 10 -50%. Acephate, acetamiprid, and methamidophos, due to their high hydrophilicity, indicated low
solubility in supercritical carbon dioxide, resulting in a poor recovery in SFE. Low recovery of pencycuron seemed to be
ascribed to the sample matrix.
References
1) Ministry of Health, Labor and Welfare Official Gazette No. 498
2) Ministry of Health, Labor and Welfare Official Gazette No. 497
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Supercritical Fluid Extraction of Residual Pesticides
in Wheat Flour

Figure 1 Schematic Diagram of fully automated system
for supercritical fluid extraction of residual pesticides

System configuration
1 = carbon dioxide cylinder, 2 = liquefied carbon dioxide delivery pump, 3 = modifier, 4 = modifier delivery pump, 5 =
preheating coil, 6 = solvent for trap elution, 7 = rinse solution for trap column, 8 = solvent delivery pump, 9 = switching
valve for flow line, 10 = oven, 11 = extraction vessels, 12 = 6-vessel changer, 13 = release valve, 14 = automatic back
pressure regulator, 15 = trap column, 16 = 3-way valve, 17 = 6-way flow line switching valve, 18 = collection tubes, 19 =
system controller Supercritical fluid extraction conditions: extraction tube = 10 mL(10 mm x 127 mm), supercritical
fluid = CO2, back pressure = 15 MPa, extraction time = 30 min, flow rate = 2 mL/min, trap column = ODS(4.6 mm x
50mm，30 μm), solvent for trap elution = acetonitrile 2 mL(flow rate = 2 mL/min).
Supercritical CO2 delivered by pump 2 passes through one of the vessels 11 in which the sample is loaded and then
pesticides are extracted. The extracted pesticides are concentrated by the trap column and is eluted by acetonitrile (2
mL) delivered by pump 8, and is collected in one of collection tubes 18. This system is automatically controlled by 19,
system controller.
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Supercritical Fluid Extraction of Residual Pesticides
in Wheat Flour

Figure 2 GC chromatograms of wheat flour sample
Upper：standard mixture (68 components)，Middle： sample added with standard mixture, and Lower：Blank．

Measurement conditions：Instrument=Quattro micro GC (Waters micromass), Ionization method = EI, Measurement
mode=MRM, SIM, Ionization source temperature=280°C, Interface temperature=280°C，GC=6890N(Agilent), Injection
method=Splitless, Injection volume=1μL, Inlet temperature=250°C, Column＝DB-5MS(30 m x 0.25 mm), Column
temperature=50°C (0 min) — 50°C (1 min) — 200°C (7 min) — 250 °C (9 min) — 300 °C (11 min).
Standard mixture solution contains 68 components as below.： 1: Acephate, 2: Acetamiprid, 3: Bendiocarb, 4:
Bitertanol, 5: Butylate, 6: Captan, 7: Carbaryl 8: Chinomethionat, 9: Chlorfenvinphos, 10: Chlorpyriphos, 11: Cyfluthrin,
12: Cypermethrin, 13: Deltamethrin, 14: Diazinon, 15: Dichlofluanid, 16: Dichlorvos, 17: Diethofencarb, 18:
Dimethylvinphos, 19: EPN, 20: Esprocarb, 21: Ethiofencarb, 22: Ethoprophos, 23: Fenarimol, 24: Fenitrothin, 25:
Fenobucarb, 26: Fensulfothion, 27: Fenvalerate, 28: Flucythrinate, 29: Flusilazole, 30: Flutolanil, 31: Fluvalinate, 32:
Flutoranil, 32: Imibenconazole, 33: Iprodione, 34: Isofenphos , 35: Isofenphos P=O, 36: Isoprocarb, 37: Lenacil, 38:
Malathion, 39: Mefenacet, 40: Mepronil, 41: Methamidophos, 42: Metolachior, 43: p,p’-DDE, 44: Paclobutrazol, 45:
Pencycuron, 46: Pendimethalin, 47: Permethalin, 48: Phenthoate, 49: Phosalone, 50: Pirimifos-methyl, 51: p,p’-DDD,
52: Pretilachior, 52: Pretilachlor, 53: Propiconazole, 54: Pyraclofos, 55: Pyridaben, 56: Pyridaphenthion, 57:
Pyrimidifen, 58: Quinalphos, 59: Tefluthrin, 60: Terbucarb, 62: Thenylchlor, 63: Tolclofos-methyl, 64: Triadimenol, 65: α
-BHC, 66: β-BHC, 67: γ-BHC, 68: δ-BHC .

Application 810022S-E

Page 69 of 95

Food & Beverage Solutions Book

Supercritical Fluid Extraction of Residual Pesticides
in Wheat Flour

Table 1 The recovery of each pesticide
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Supercritical Fluid Extraction of Residual Pesticides
in Coffee Bean
Introduction
In Japan on the 29th of May 2006 the Ministry of Health, Labor and Welfare (MHLW) promulgated the Positive List
System for residual pesticides, food additives, and veterinary medicines remaining in foods, following the revision of
the Food Hygiene Law. In this list approximately 800 kinds of those agricultural chemicals were registered. This system
is to prohibit the distribution of foods that contain more than 0.01 ppm of each chemical.
The extraction of residual pesticides in foods has been performed by the solvent extraction method. This method,
however, takes about 4 - 5 hours for each extraction, and requires a huge amount of organic solvent. In recent years,
supercritical fluid extraction (SFE) using supercritical carbon dioxide has attracted much attention as an alternative
method to the solvent extraction method.
We have developed a fully automated residual pesticide extraction system, and applied this system to the analysis of a
coffee bean sample. Extracted components were analyzed by GC-MS/MS.
Experimental
The newly developed fully automated residual pesticide extraction system was used throughout the experiment. The
schematic diagram of this system is shown in Figure 1.
A sample of coffee beans was selected for analysis. Sixty-eight kinds of pesticides were added to the coffee beans to be
a concentration of 0.1 ppm for each pesticide except captan, 1 ppm and acetamiprid, 0.5 ppm. Three grams of the
coffee beans was loaded in each extraction vessel; SFE was applied at an extraction pressure of 15 MPa, at an
extraction temperature of 40°C, for an extraction time of 30 min; the extracted components were adsorbed on a trap
column; the trapped components were eluted with acetonitrile; the acetonitrile solution was evaporated to dryness
with nitrogen gas; and the residue was dissolved in 3 mL of acetone containing 0.05% of PEG200 and PEG400. A
portion of this solution was injected onto the GC.
Results and Discussion
Chromatograms of the standard mixture (upper), the sample added with the standard (middle), and the blank (lower)
are shown in Figure 2.
As shown in Table 1, among 68 components of the pesticides, 58 components exhibited more than 70% recovery, and
66 components more than 50% recovery. The recovery of acetamiprid and pencycuron was as low as 42% and 14%,
respectively.
Acetamiprid, owing to its high hydrophilicity, indicated low solubility in supercritical carbon dioxide, resulting in a poor
recovery in SFE. Low recovery of pencycuron seemed to be ascribed to the sample matrix.
References
1) Ministry of Health, Labor and Welfare Official Gazette No. 498
2) Ministry of Health, Labor and Welfare Official Gazette No. 497
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Supercritical Fluid Extraction of Residual Pesticides
in Coffee Bean

Figure 1 Schematic Diagram of fully automated system
for supercritical fluid extraction of residual pesticides

System configuration
1 = carbon dioxide cylinder, 2 = liquefied carbon dioxide delivery pump, 3 = modifier, 4 = modifier delivery pump, 5 =
preheating coil, 6 = solvent for trap elution, 7 = rinse solution for trap column, 8 = solvent delivery pump, 9 =
switching valve for flow line, 10 = oven, 11 = extraction vessels, 12 = 6-vessel changer, 13 = release valve, 14 =
automatic back pressure regulator, 15 = trap column, 16 = 3-way valve, 17 = 6-way flow line switching valve, 18 =
collection tubes, 19 = system controller
Supercritical fluid extraction conditions
extraction tube = 10 mL(10 mm x 127 mm), supercritical fluid = CO2, back pressure = 15 MPa, extraction time = 30 min,
flow rate = 2 mL/min, trap column = ODS(4.6 mm x 50 mm, 30 μm), solvent for trap elution = acetonitrile 2 mL(flow
rate = 2 mL/min).
Supercritical CO2 delivered by pump 2 passes through one of the vessels 11 in which the sample is loaded and then
pesticides are extracted. The extracted pesticides are concentrated by the trap column, is eluted by acetonitrile (2 mL)
delivered by pump 8, and is collected in one of collection tubes 18. This system is automatically controlled by 19,
system controller.
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Supercritical Fluid Extraction of Residual Pesticides
in Coffee Bean

Figure 2 GC chromatograms of coffee bean sample
Upper：standard mixture (68 components)，Middle： sample added with standard mixture, and Lower：Blank．

Measurement conditions FInstrument=Quahro micro GC (Waters micromass), Ionizaion method = EI
Measurement mode=MRM, SIM, Ionization source temperature=280°C, Interface temperature=280°C
CGC=6890N(Agilent), Injection method=Splitless, Injection volume=1 uL, Inlet temperature=250°C, Column DB-5MS(30
m x 0.25 mm), Column temperature=50°C (0 min).50°C (1 min) . 200°C (7 min) . 250 °C (9 min) . 300 °C (11 min).
Standard mixture solution contains 68 components as below
1: Acephate, 2: Acetamiprid, 3: Bendiocarb, 4: Bitertanol, 5: Butylate, 6: Captan, 7: Carbaryl 8: Chinomethionat, 9:
Chlorfenvinphos, 10: Chlorpyriphos, 11: Cyfluthrin, 12: Cypermethrin, 13: Deltamethrin, 14: Diazinon, 15:
Dichlofluanid, 16: Dichlorvos, 17: Diethofencarb, 18: Dimethylvinphos, 19: EPN, 20: Esprocarb, 21: Ethiofencarb, 22:
Ethoprophos, 23: Fenarimol, 24: Fenitrothin, 25: Fenobucarb, 26: Fensulfothion, 27: Fenvalerate, 28: Flucythrinate, 29:
Flusilazole, 30: Flutolanil, 31: Fluvalinate, 32: Flutoranil, 32: Imibenconazole, 33: Iprodione, 34: Isofenphos , 35:
Isofenphos P=O, 36: Isoprocarb, 37: Lenacil, 38: Malathion, 39: Mefenacet, 40: Mepronil, 41: Methamidophos, 42:
Metolachior, 43: p,p f-DDE, 44: Paclobutrazol, 45: Pencycuron, 46: Pendimethalin, 47: Permethalin, 48: Phenthoate,
49: Phosalone, 50: Pirimifos-methyl, 51: p,p f-DDD, 52: Pretilachior, 52: Pretilachlor, 53: Propiconazole, 54: Pyraclofos,
55: Pyridaben, 56: Pyridaphenthion, 57: Pyrimidifen, 58: Quinalphos, 59: Tefluthrin, 60: Terbucarb, 62: Thenylchlor,
63: Tolclofos-methyl, 64: Triadimenol, 65: α-BHC, 66: β-BHC, 67: γ-BHC, 68: δ-BHC .
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Supercritical Fluid Extraction of Residual Pesticides
in Coffee Bean

Table 1 The recovery of each pesticide
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Supercritical Fluid Extraction of Residual Pesticides
in Spinach
Introduction
In Japan on the 29th of May 2006 the Ministry of Health, Labor and Welfare (MHLW) promulgated the Positive List
System for residual pesticides, food additives, and veterinary medicines remaining in foods, following the revision of
the Food Hygiene Law. In this list approximately 800 kinds of those agricultural chemicals were registered. This system
is to prohibit the distribution of foods that contain more than 0.01 ppm of each chemical.
The extraction of residual pesticides in foods has been performed by the solvent extraction method. This method,
however, takes about 4 - 5 hours for each extraction, and requires a large volume of organic solvent. In recent years,
supercritical fluid extraction (SFE) using supercritical carbon dioxide has attracted much attention as an alternative
method to the solvent extraction method.
We have developed a fully automated residual pesticide extraction system, and applied this system to analysis of
spinach sample. Extracted components were analyzed by GC-MS/MS.
Experimental
The newly developed fully automated residual pesticide extraction system was used throughout the experiment. The
schematic diagram of this system is shown in Figure 1.
As an analytical sample, spinach was selected. Sixty-eight kinds of pesticides were added to the spinach to be a
concentration of 0.1 ppm for each pesticide except captan, 1 ppm and acetamiprid, 0.5 ppm. Two grams of the spinach
and 2 g of Hydromatrix (a dehydrating agent) were loaded in each extraction vessel. SFE was applied at an extraction
pressure of 15 MPa, at an extraction temperature of 40°C, for an extraction time of 30 min. The extracted components
were adsorbed on a trap column; the trapped components were eluted with acetonitrile; the acetonitrile solution was
evaporated to dryness with nitrogen gas. The residue was dissolved in 2 mL of acetone containing 0.05% of PEG200
and PEG400. A portion of this solution was injected onto the GC.
Results and Discussion
Chromatograms of the standard mixture (upper), the sample added with the standard (middle), and the blank (lower)
are shown in Figure 2.
As shown in Table 1, among 68 components of the pesticides, 47 components exhibited more than 70% recovery, and
61 components more than 50% recovery. The recovery of acetamiprid and butylate was as low as 20% and 45%,
respectively. Acephate, captan, dichlofluanid, and methamidophos exhibited less than 10% recovery; their high
hydrophilicity and adsorption on the dehydrating agent seemed to be responsible for a poor recovery in SFE.
References
1) Ministry of Health, Labor and Welfare Official Gazette No. 498
2) Ministry of Health, Labor and Welfare Official Gazette No. 497
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Figure 1 Schematic Diagram of fully automated system
for supercritical fluid extraction of residual pesticides

System configuration
1 = carbon dioxide cylinder, 2 = liquefied carbon dioxide delivery pump, 3 = modifier, 4 = modifier delivery pump, 5 =
preheating coil, 6 = solvent for trap elution, 7 = rinse solution for trap column, 8 = solvent delivery pump, 9 =
switching valve for flow line, 10 = oven, 11 = extraction vessels, 12 = 6-vessel changer, 13 = release valve, 14 =
automatic back pressure regulator, 15 = trap column, 16 = 3-way valve, 17 = 6-way flow line switching valve, 18 =
collection tubes, 19 = system controller
Supercritical fluid extraction conditions
extraction tube = 10 mL(10 mm x 127 mm), supercritical fluid = CO2, back pressure = 15 MPa, extraction time = 30 min,
flow rate = 2 mL/min, trap column = ODS(4.6 mm x 50 mm, 30 μm), solvent for trap elution = acetonitrile 2 mL(flow
rate = 2 mL/min).
Supercritical CO2 delivered by pump 2 passes through one of the vessels 11 in which the sample is loaded and then
pesticides are extracted. The extracted pesticides are concentrated by the trap column, is eluted by acetonitrile (2 mL)
delivered by pump 8, and is collected in one of collection tubes 18. This system is automatically controlled by 19,
system controller.
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Figure 2 GC chromatograms of spinach sample
Upper：standard mixture (68 components)，Middle： sample added with standard mixture, and Lower：Blank．

Measurement conditions FInstrument=Quahro micro GC (Waters micromass), Ionizaion method = EI
Measurement mode=MRM, SIM, Ionization source temperature=280°C, Interface temperature=280°C
CGC=6890N(Agilent), Injection method=Splitless, Injection volume=1 uL, Inlet temperature=250°C, Column DB-5MS(30
m x 0.25 mm), Column temperature=50°C (0 min).50°C (1 min) . 200°C (7 min) . 250 °C (9 min) . 300 °C (11 min).
Standard mixture solution contains 68 components as below
1: Acephate, 2: Acetamiprid, 3: Bendiocarb, 4: Bitertanol, 5: Butylate, 6: Captan, 7: Carbaryl 8: Chinomethionat, 9:
Chlorfenvinphos, 10: Chlorpyriphos, 11: Cyfluthrin, 12: Cypermethrin, 13: Deltamethrin, 14: Diazinon, 15:
Dichlofluanid, 16: Dichlorvos, 17: Diethofencarb, 18: Dimethylvinphos, 19: EPN, 20: Esprocarb, 21: Ethiofencarb, 22:
Ethoprophos, 23: Fenarimol, 24: Fenitrothin, 25: Fenobucarb, 26: Fensulfothion, 27: Fenvalerate, 28: Flucythrinate, 29:
Flusilazole, 30: Flutolanil, 31: Fluvalinate, 32: Flutoranil, 32: Imibenconazole, 33: Iprodione, 34: Isofenphos , 35:
Isofenphos P=O, 36: Isoprocarb, 37: Lenacil, 38: Malathion, 39: Mefenacet, 40: Mepronil, 41: Methamidophos, 42:
Metolachior, 43: p,p f-DDE, 44: Paclobutrazol, 45: Pencycuron, 46: Pendimethalin, 47: Permethalin, 48: Phenthoate,
49: Phosalone, 50: Pirimifos-methyl, 51: p,p f-DDD, 52: Pretilachior, 52: Pretilachlor, 53: Propiconazole, 54: Pyraclofos,
55: Pyridaben, 56: Pyridaphenthion, 57: Pyrimidifen, 58: Quinalphos, 59: Tefluthrin, 60: Terbucarb, 62: Thenylchlor,
63: Tolclofos-methyl, 64: Triadimenol, 65: α-BHC, 66: β-BHC, 67: γ-BHC, 68: δ-BHC .
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Table 1 The recovery of each pesticide
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Supercritical Fluid Extration of Coffee Beans
Introduction
Supercritical fluid extraction is one method of effectively decaffeinating coffee beans. This is a good example of putting
supercritical fluid extraction to practical use in a quick safe procedure. The purpose of this extraction is to produce
decaffeinated coffee, and the extraction process of decaffeination was measured in real time by using IR.
The measurement results suggest that the extraction process and extraction time depend on the various components
of the sample.
Figure1 shows the IR spectra data of the extraction process. The spectrum at the starting point differs from spectra
after a few minutes.
Figure 2 shows the IR spectra at extraction times of 4, 5 and 10 minutes, Respectively. Each spectral profile is different.
Figure 3 shows the time course data of each extraction time (4, 5 and 10 minutes) at specified peak wavenumbers.
These extraction patterns suggest that at least two components were extracted. By using the IR Search Program, we
were able to determine that caffeine was extracted first, followed by triglyceride. Figures 4 and 5 show a comparison
between the standard and extraction spectra. It takes 4 to 7 minutes to extract the caffeine. Conversely, fats and oils
are still being extracted even after 20 minutes.

Figure 1 Spectra for supercritical fluid extraction of coffee beans

Figure 2 IR spectra at specified extraction times
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Figure 3 Time course data at specified wavenumbers

Figure 4
Comparing extracted specctrum with standard spectrum
(for caffeine)
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Comparing extracted specctrum with standard spectrum
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Supercritical Fluid Extraction of Fats and Oils in Seeds
Introduction
Seeds generally consist of three main elements : proteins, fats and oil, and carbohydrates. Seeds have a high content of
proteins and fats and oils. The carbohydrate content varies, however, depending on the kind of seed. The fatty acids
found in seeds include both saturated and unsaturated fatty acids. The content ratio of saturated and unsaturated
fatty acids also varies depending on the kind of seed. In particular, walnut and almond have a high content of linolic
acid, which is a type of polyhydric unsaturated fatty acid. The following results were obtained after measuring the
extraction of elements from the above mentioned seeds :
• The various elements extracted were dependent on the different kinds of seeds.
• The different kinds of fats and oils extracted were dependent on the varying extraction pressures applied.
Figure 1 to 3 shows examples of the extraction process for each of the
seeds above under extraction pressure of 100 kg/cm2. The data obtained
on almond, walnut and sunflower seeds includes different time course data
with varying absorbance values observed between 1750 cm-1 and 1600 cm- 1.
The peak observed at 1750 cm-1 is assigned to fats and oils; the peak
observed at 1600 cm-1 is assigned to water. The time course date at 100 kg/
cm2 indicates that significantly more water is extracted compared with
extraction at 200 kg/cm2. Extraction using supercritical fluid obtains only
minute amounts of such polymer elements as proteins and fibers.
Conversely, water, odor, fats and oils, and fatty acid ester are mainly
extracted when using supercritical fluid. The data describe above confirms
that the elements extracted depend on the kind of seed and extraction
pressure applied to obtain different kinds of extracted elements.

Conditions
Sample weight: 1 g
Pressure: 100 kg/cm2, 200 kg/cm2
CO2 flow rate: 2 mL/min
Temperature: 50°C
Accumulation : 4 times, 2 times
Measurement time: 10 min to 20 min
Sample: Almond, walnut
and Sunflower seeds

Figure 1 Almond seeds (100 kg/cm2)

Figure 2 Walnuts (100 kg/cm2)
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Figure 3 Sunflower seeds (100 kg/cm2)

Figure 4 shows extraction process data under an extraction pressure of 200 kg/cm2. Stable extraction of the Carbonyl
function group (C=0) of fats and oils (based on the1750 cm-1 peak) is possible under high pressure (200 kg/cm2).
Extraction under low pressure(100 kg/cm2) is not very effective.
The peak observed at 1750 cm-1 is apparently based on triglyceride; the peak observed at 1600 cm-1 is apparently
based on water.

Figure 4 Almond (200 kg/cm2)
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Monitoring of oxidative degradation process for fat and oil using
heating single reflection ATR accessory with FT/IR
Introduction
Measuring IR spectra under temperature control is an effective method to study denaturation of DNA and protein, and
enzymatic kinetic reaction. Oxidative degradation monitoring by IR measurement of unsaturated fatty acid contained
in fat and oil is one of the remarkable examples of this application.
There are two different types of unsaturated fatty acid such as Cis-type and Trans-type, and Cistype fatty acid is
contained mainly in natural oil and Trans-type, in hydrogenated oil in food. It is well known that Cis-type reacts to form
peroxide lipids through oxidative degradation by Radical and isomerizes to Trans-type as shown in Fig. 1. In this report,
the commercial vegetable oil sample heated up to 180 °C was measured by using heating single ATR accessory with
FTIR and oxidative degradation process was analyzed.

Figure 1 Reaction mechanism of oxidation degradation of the Lipid

Measurement Method
There are two different types of unsaturated fatty acid such as Cis-type and Trans-type, and Cistype fatty acid has
specific absorption peak at 3010 cm-1 and Trans-type, at 966 cm-1 .
It is possible to evaluate oxidative degradation process of unsaturated fatty acid in oil by monitoring IR peaks at 3010
cm-1 and 966 cm-1 , since Cis - Trans transformation will be resulted in the degradation process. Under similar to the
actual cooking environment, the sample was heated up to 180 degree C and two absorbance peaks attributed to Cis
and Trans fatty acid were measured by interval measurement program, and oxidative degradation process was
evaluated by the changes of two peak intensities with time. The same measurement was also implemented under
the environment purged by N2 gas.
Measurement condition
Main unit: FT/IR-6100 with Heating Single reflectance ATR
Detector: DLATGS Resolution: 4 cm-1
Accumulation: 64 times Temperature: 180 °C
Apodization function: Cosine
Measurement method: ATR (Crystal: Diamond*)
Sample compartment condition: Air environmental condition or
N2 purged condition
*The high temperature type prism was used in this measurement

Figure 2
ATR Heating Single
Reflection ATR accessory
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heating single reflection ATR accessory with FT/IR
Result and Discussion
Figure 3 shows spectral data of time interval measurement for the oil sample heated up to 180 degree C under air
environmental condition. It is seen that peak at 3010 cm-1 attributed to Cis-type is getting smaller with time. On the
other hand, peak at 966 cm-1 attributed to Trans-type is getting larger with time. In Figure 4 the spectral data of the
same interval measurement but under N2 purged condition are shown, clearly indicating that there is no change of
peaks with time. It can be said that Cis-Trans transformation did not occurr, proving that oxidative degradation of oil
did not
happen.
Figure 5 and Figure 6 illustrates that the changes of peak area with time at 3010 cm-1 and at 966 cm-1 are plotted
respectively by using the interval analysis program. It is evident that the peak area for Cis-type at 3010 cm-1 is getting
smaller with time gradually under air environment, but the peak area for Trans-type at 966 cm-1 is getting larger with
time for the initial 30 minutes and then saturated gradually. By comparing the change of peak area for Cis-type and
that for Trans-type with time under air environment shown in Figure 5 and Figure 6, it is assumed that after 30
minutes, the reaction to generate lipid peroxide becomes more dominant than the Cis-Transformation as in the
reaction process shown in Figure 1. As seen above, it is proved that the FTIR measurement method using a heating
single reflection ATR is very effective to monitor and evaluate the reaction process accompanied by thermal changes. It
is expected that this method will be expanded to be applied for evaluation of thermodynamic reaction and for
measurement under the condition of Radical capture agent added.

Figure 3 Spectra under air environmental condition

Figure 5 Change of peak area for Cis at 3010 cm-1
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Figure 4 Spectra under N2 purged condition

Figure 6 Change of peak area for Trans at 966 cm-1
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Analysis of Egg using Thermal ATR
Introduction
Thermal ATR is a real time procedure for analyzing the vibrational structure of molecules using temperatures that
range from room temperature to approximately 80°C. Procedures such as Differential Scanning Calorimetery (DSC) are
commonly used to analyze solid samples ; however, thermal ATR is more effective than DSC for analyzing liquid
samples. Furthermore, although thermal analysis of water content is used in the field of food analysis, monitoring the
vibratiional structure of samples directly is usually not possible with methods other than ATR. The following is an
example of thermal ATR analysis performed on egg, for which water content is approximately 75%.
Albumen (egg white) consists of approximately 88% water and 10%
protein, 55% of which is ovalbumin. In contrast, egg yolk consists of 50%
water, 30% lipids, and 15% protein. The protein of the yolk consists of
36% high-density lipoprotein, 30% livetin, and 22% low-density
lipoprotein. These compositional differences are responsible for the
different sol idification characteristics of egg yolk and egg white-yolk
begins to solidify at a lower temperature than albumen. Figure 1 shows IR
spectra of albumen. The absorption band around 1540 cm-1, assigned to
amide II, is decreased by heating. This suggests that denaturation of
protein has occurred. Figure 2 shows IR spectra of the yolk, and figure 3
shows the IR spectra of yolk at 30 and 80°C. The carbonyl group (C=O) at
the 1740 cm-1. Absorption band reflects the presence of fats and oils.
Reduction of the 1540 cm-1 peak assigned to amide II is not apparent.

Figure 1 Almond seeds (100 kg/cm2)

Instrument: Micro FT/IR
Thermal ATR system
Measurement range: 30 to 80°C
Temperature gradient: 2.5°C/min
Measurement time: 20 min
Measurement interval: 1 min
Accumulations: 50 times
Sample: Albumen, egg yolk

Figure 2 Walnuts (100 kg/cm2)

Figure 3 Spectra of egg yolk at 30°C and 80°C by thermal ATR
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Analysis of Egg using Thermal ATR
Figure 4 shows the temperature and absorbance of albumen and yolk at the 1538 cm-1 band (amide II). Absorption is
known to decrease at 1538 cm-1 when the denaturation of protein occurs. Figure 4 indicates that for albumen
absorption begins to decrease around 50°C and reaches minimum absorbtion just below 70°C. Moreover, for uplk,
absorption begins to decrease slowly round 37 °C. Therefore, denaturation of yolk protein begins at approximately 37°
C and continues slowly, whereas denaturation albumen protein begins at approximately 60-70°C and proceeds quickly.
This explains why eggs cooked slowly at low temperature have a solidified yolk, while eggs cooked quickly at high
temperature have a solidified albumen.

Figure 4 Absorbance with tiem:
Albumen and yolk at 30 and 80°C by thermal ATR
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Analysis of water content distribution in food
by IRT-7000S
Introduction
Even though the detector of IRT-7000S is single-element detector, it enables high speed imaging measurement with
1/10 measurement time due to high speed mapping system as compared with the conventional IR microscope.
Table 1 shows the time required for measurement of 200 x 200 um area by multi-channel detector (16 x 1 linear array
detector) and single-element detector (IRT-7000), and Figure 1 shows the image of measurement protocol by each
detector. Generally multi-channel detector is used for high speed imaging measurement, and its measurement area
size is determined by the magnification of Cassegrain mirror. On the other hand, the measurement area size by singleelement detector is determined by the aperture size.
Accordingly, single-element detector is considered to have an advantage because the aperture size is changeable, so
that for large area measurement with large aperture size, the measurement time may be shorter than multi-channel
detector. Therefore, for the measurement of 200 x 200 um area, the measurement time by single-element detector
with 50 x 50 μm aperture size can be shorter than linear array detector with x 32 Cassegrain, even the measurement
points are reduced.
One of the significances to measure large area in high speed is the requirement for unstable sample such as food or
tissue which may denature in a short time. In this experiment, we would like to show visually the difference of water
content distribution in 2 types of noodles cooked by professional and amateur. By using IRT-7000S*1, high speed
imaging measurement was done for the samples in a few millimeter block before drying.

Detector

Linear Array
(16 x 1)

Single-element
(IRT-7000S)

Single-element
(IRT-7000S)

Aperture Size

6.25 x 6.25 um

25 x 25 um

50 x 50 um

32 x 32

8x8

4x4

Approx. 7 sec

Approx. 7 sec

Approx. 2 sec

Measurement Points
Measurement Time

*3

Table 1 Comparison of detectors and aperture size
in 200 x 200 um area measurement *2

*1: IRT -7000S can be upgraded to IRT-7000
*2 Measurement condition: x 32 Cassegrain, resolution: 16 cm-1, accumulation: 1
*3 Measurement time depends on measurement points
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by IRT-7000S

Figure 1 Comparison of measurement area in 200 x 200 μm area

In order to compare water content in noodle cross-section, the sample was prepared quickly and measured
with high speed. The noodles cooked by professional and amateur were cut in a few millimeters thickness and
sandwiched by CaFs windows in order to avoid drying (Figure 2).
Measurement condition
Instrument: IRT-7000S
Measurement points: 38 x 54 points (2052 points) (professional)
Measurement method: transmittance
Measurement size: 3.7 mm x 5.3 mm (professional), 4.3 mm x 4.6 mm (amateur)
Aperture: 100 x 100 um
Detector: MCT
Measurement time: approx. 5 minutes (professional)
Resolution: 16 cm-1

Figure 2 Process of measurement
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Results
The water content distribution in both noodle cooked by professional and amateur was compared by calculating the
peak area ratio of starch (3872 – 4165 cm-1) and water (1882 – 2321 cm-1) (Figure 3).
Figure 3 shows that water content in the noodle cooked by amateur was rich in the center, while water content in the
noodle cooked by professional was distributed in the layer between outer side and core part. In addition, as a results
of sensory test, almost all testers of 20 people said that the noodle cooked by professional was more delicious. In this
experiment, By high speed mapping of few millimeters sample with 100 um2 measurement spot size, it was confirmed
that the taste was related to the water content distribution.
By using single-element detector system with changeable aperture size when combined with high speed mapping, it
enables to measure the samples with area as large as few milimeters in a shot time and visualize the sample in
molecular level (such as water content distribution in food and medicine).
Using such system will be very useful for the study of food/medicine, if the relationship between the obtained image
and food taste or effectiveness of medicine could be determined.

Figure 3 Water content distribution of fried noodle cooked by professional and amateur
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Quantitative Analysis of Trans-fats in Food products
using an FT/IR-ATR Method
Introduction
Trans-fats can be formed when liquid oils are solidified and used in various food products. The excessive ingestion of
trans-fats increases LDL (bad) cholesterol in blood and decreases HDL (good) cholesterol. Consequently, the ingestion
of trans-fat products can increase the incidence of ischemic cardiac disease and thus, the trans-fat content in food is of
great concern. According to reports by a joint specialists conference of the Food and Agriculture Organization (FAO)
and the World Health Organization (WHO) of the United Nations, it is proposed that the intake of trans-fats should be
less than 1% of the overall caloric intake. As a result of these findings, many foreign countries are mandating the
disclosure of trans-fat content in foods; some of the EU countries control the content in food and some other countries
such as U.S., Canada and Korea are obligated to supply the trans-fat content on all food labels. In Japan, the Consumer
Affairs Agency recently announced that food producers will be obligated to state the trans-fats content of food
products as well.
For these reasons, it is becoming more important to measure the content of trans-fats in food. A quantitative analysis
is generally performed according to the official method designated by public institutions, and gas chromatography (GC)
or infrared spectroscopy are currently used for the official method for the content measurement of trans-fats. The GC
method widely used requires some complicated procedures such as separation extraction of the sample and
esterification, and thus requires considerable time and cost. The American Organization of Analytical Chemists (AOAC)
formulate method AOAC 2000.10 by using infrared spectroscopy and ATR to evaluate the trans-fat content.
In this application, we demonstrated the quantitative analysis of trans-fats in several kinds of oil with a calibration
made according to the official AOAC ATR method.
Experimental
Method AOAC 2000.10 requires a quantitative calibration be developed and the quantitative analysis of the unknown
samples performed by measuring the samples with an ATR crystal heated to 65°C to melt the oils completely. The
cis- and trans-fats contained in natural fats have their own IR peaks in the range from 1000 cm-1 to 600 cm-1, which is
used for the quantitative analysis (Figure 1). In the official method, cist riolein and trans-triel aidin are used as the
standard samples. The spectrum of cis-triolein in orange and the spectrum of trans-trielaidin in green are overlaid as
displayed in Figure 1. Both spectra have similar absorptions in the midinfrared spectral range except for specific peaks
associated wi th the two different forms as displayed from 1000 cm-1 to 600 cm-1.

Figure 1 Mid-IR spect ra of cis-fats and t rans-fats
(demonstrating the significant peaks in the highlighted areas)
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Quantitative Analysis of Trans-fats in Food products
using an FT/IR-ATR Method
Measurement Conditions
Instruments: FT/IR-6100 and a thermostatted single reflection ATR accessory
Detector: DLATGS
Resolution: 4 cm-1
Integration time: 64 scans
Temperature: 65 +/- 2°C
Apodization: Triangle
Method: ATR method (Crystal: Diamond)
Standard samples: Triolein and Trielaidin (Combination ratio of trielaidin: 0.5, 1, 5, 10, 20, 30, 40, 50 %)
Measurement samples: Shown in Table 1 (Sample volume: 50μL or less)
Results and Discussion
The trans-fat has a vibrational absorption peak due to the C-H bending mode near 966 cm-1 and the peak area around
the peak is used for the quantitation in the official method. The overlaid spectrum for each concentration at 966 cm-1
are shown in Figure 2. Figure 3 is a screen shot of the Quantitative Calibration Program. The calibration curve
calculated with the program is displayed in Figure 4 . Table 1 outlines the result of the quantitative analysis of several
commercial food oils. In general, margarine contains a trans-fat content of 1 to 10 %, and olive oil and sesame oil
contain almost no trans-fat. This shows that the system as outlined is effective for the quantitative analysis of transfats. By using the ATR methods, the quantity of transfats in various kinds of oil for food can be determined simply and
quickly without complicated procedures.

Figure 2 Peaks of trans-fats at 966 cm-1

Sample

Content rate
of trans-fat [%]

Margarine

3.1

Cooking Oil

1.9

Sesame Oil

0.7

Olive Oil

0.8

Chili Oil

1.2

Figure 3 Quantitative Calibration Program

Table 1 Trans-fat content of food oils
Figure 4 Calibration curve for trans-fat content
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Evaluation of Alcoholic Content of Liquors using ATR Accessory
Introduction
The alcohol content of alcoholic drink is an indication of the drinks’ ethanol concentration as measured in percent
ethanol per 100 mL. This concentration is determined by the manufacturing method and its processes. Alcoholic drinks
can be broadly classified into distilled and fermented liquors. Distilled liquors, typical examples of which are whisky,
brandy, and shochu, are produced by distilling of fermented liquors, so they generally have a higher alcohol content
than the fermented liquors. On the other hand, the alcohol content of fermented liquors such as wine, beer and sake
can be varied by the degree of fermentation of sugar by yeast. It also can be varied by material and maturation.
Alcohol content is an extremely important numeric indicator for both manufacturers of liquors and their consumers. It
can be easily measured and quantitated by using a Fourier Transform Infrared Spectrometer and an ATR accessory.
This measurement method can be applied to both distilled and fermented liquors.

Figure 1 Spectra of Ethanol solution

Experimental
The ATR accessory ATR PRO410-S was placed in the sample compartment of FT/IR-4100 Fourier Transform Infrared
Spectrometer. A liquid sample was dropped in the ATR prism, and then measured directly. To prevent the decrease of
the accuracy due to the vaporization of ethanol, accumulation of the measurement was set at 16 to 32 times, and the
measurement time was shortened, so that the measurement conditions were so configured to avoid any possible
errors. An ethanol solution (prepared to concentrations 0 to 100%) and off-the-shelf liquors were used as standard
samples. The alcohol contents listed on the label of the off-the-shelf liquors were assumed to be their ethanol
concentrations. The calibration curves were created in the range of 3400 cm-1 attributed to OH stretching vibration,
and 1650 cm-1, HOH bending vibration. Figure 1 shows the spectra of ethanol (0, 20, 40 and 100%).
Each one was measured twice.
Conditions
Standard Sample: Ethanol solution (0 ,10, 20, 30, 40, 50, 100 %)
Accumulation : 32
Resolution : 8 cm-1
Apodization: Cosine
ATR prism: Diamond
ATR PRO410-S with diamond prism
Application 080AT0189-E
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Evaluation of Alcoholic Content of Liquors using ATR Accessory
Calibration curve
Although it would be possible to create a calibration curve from the peak heights of 3400 cm-1 (OH stretching) and
1650 cm-1 (HOH bending), in this application data, a calibration curve was created using a multivariate analysis
technique (PCR) in the specified wavenumber range. The calculation range of 3740 to 3014 cm-1 and 1800 to 933 cm-1
were used, while the first derivative data were utilized as spectral data. Fig. 2 shows the calibration model created.
This calibration model indicates an extremely good value of correlation coefficient R=0.999.
Measurement Results
Table 1 shows the results of quantitation of 17 types of off-the-shelf liquors using the calibration model. For reference,
the values listed on their labels are also provided. Fig. 3 shows the example of ATR spectra for a number of those
liquors.

Figure 2 PCR Calibration curve
Table 1 Results of quantitative measurement

Figure 3 ATR Spectra of Liquors
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Evaluation of Alcoholic Content of Liquors using ATR Accessory
Introduction
Optical rotation is the property of substances, rotating the plane of polarization when linearly-polarized light passes
through such substances. This is the property which occurs specifically to optical active substances in which the
refractive indices of right and left circularly-polarized light are different. Optical rotation that rotate light in a clockwise
direction as viewed towards the light source is defined as dextrorotation (+) and the opposite, levorotation (-).
The angle of rotated plane of polarization is called as optical rotation and polarimeter is the instrument to measure
such optical rotation. Optical rotation is proportional to cell pathlength and is related to sample concentration,
measurement wavelength and temperature. The specific optical rotation [α]tx is calculated from the following formula
using temperature t (°C), wavelength x (nm), cell pathlength 1 (dm), sample concentration c (g/100 ml) and measured
optical rotation α.
[α]tx = 100 α/cl
JP, USP and EP suggest to measure optical rotation using D-line of Na lamp. Polarimeter is used for several purposes
such as purity certification of sugar, verification of pharmaceuticals and optical purity determination of optical active
substances obtained from asymmetric synthesis in organic chemistry field.
Optical rotation measurement of sucrose
5 g/100ml of sucrose (Wako Pure Chemical Industries,
Ltd., JIS special grade) was prepared and measured
using Digital Polarimeter P-2000 with 100mm cell, Na lamp
D-line under 20°C.
Figure 1 shows the printout view of measurement result.
The average of optical rotation in 5 times measurement was
+3.3264 deg. and its specific optical rotation calculated was
+66.5280 which is in good agreement with the specific
optical rotation of 5g/100ml sucrose solution described in
JIS K0063 1), +66.500.

Figure 1 Printout view of optical rotation measurement
of 5g/100ml sucrose solution.
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Evaluation of Alcoholic Content of Liquors using ATR Accessory
Optical rotation measurement of 1-menthol
l-menthol (Wako Pure Chemical Industries, Ltd.) was prepared under the condition suggested in JP (2.5g ethanol (95),
25ml, 100mm) and its optical rotation was measured. Its specific optical rotation was calculated to be [α]20
D = -50.01 which is well within the JP criteria: -45.0 ~ -51.0.
Generally, optical rotation is increased in shorter wavelength region. For optical rotation measurement, Na lamp D-line
is usually applied, while when the optical rotation of the sample is very small using D-line, by irradiating shorter
wavelength light, optical rotation can be measured in easier way. In this application data, optical rotation measured
using P-2000 with both Na lamp D-line and Hg lamp emission line wavelength (546, 436, 405, 365 nm) and ORD
spectrum (showing wavelength dispersion of optical rotation) measured using J-820 + ORDM-401 were compared.
As shown in Figure 2, both measured values by P-2000 and ORDM-401 are very consistent. Like this, by employing
shorter wavelength light for samples with small optical rotation, the measurement can be implemented easily.

Reference
(1) Optical rotation of sucrose solution described in JIS K0063 is referred to Handbook of Chemistry and Physics, 42nd
Edition (1960-1961), P1784, The Chemical Rubber Co., Ohio, U.S.A..
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