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Abstract

This Application Note shows how to carry out qualitative and quantitative analysis 

of fat soluble vitamins from two different food matrixes. A robust reverse phase 

high performance liquid chromatographic (RP-HPLC) method for simultaneous 

determination of nine fat soluble vitamins was developed. Separation and quantifi-

cation was achieved by an Agilent 1260 Infinity LC System using an Agilent 

Poroshell EC-C18 column. The advanced feature of the Agilent 1260 Infinity Diode 

Array Detector (DAD) to select multiple wavelengths was utilized effectively to 

detect various vitamins at their maximum absorbance. Robustness of the method 

for routine nutrition labelling analysis was established by partial validation and the 

method was verified by analyzing vitamin D content from two different food 

matrices. Finally, using an Agilent 1290 Infinity LC System, this HPLC method was 

effectively transferred to a short Ultra High Pressure Liquid Chromatographic 

(UHPLC) method.
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Introduction

Vitamins are nutrients required in trace 
amounts by an organism for its healthy 
growth and must be obtained from the 
diet. In general, vitamins can be 
classified into two groups, water- or 
fat-soluble. As the level of vitamins 
present in a food may vary from 
nanograms to milligrams, labelling 
these vitamins in a matrix like infant 
formula is a mandatory requirement by 
the US Food and Drug Administration 
(FDA). The diversity in the chemical 
nature of vitamins made concurrent 
extraction and analysis of all vitamins 
challenging. Due to this, analysis of 
water soluble and fat soluble vitamins 
will be usually performed separately. 
Simultaneous analyses of ten water 
soluble vitamins are described in 
another Agilent Application Solution1. 
In this study, simultaneous analysis on 
nine fat soluble vitamins are discussed. 
The list of vitamins used in this study 
covers vitamins A, D, E, and K, which 
are the common fat soluble vitamins 
present in food medium. Even though 
extraction procedures for various fat 
soluble vitamins are different, develop-
ing a single analytical method simpli-
fies the analytical challenge by 
quantifying the analytes in a single  
LC run.

In this Application Note, we described 
an approximately 15 minute long, sen-
sitive, and robust method for simulta-
neous determination of nine fat soluble 
vitamins with UV detection. Also, this 
HPLC method transferred to a  
3.5 minute UHPLC method for custom-
ers where short analytical times are 
critical requirement.

Experimental

Instruments and Software 

An Agilent 1260 Infinity Quaternary 
LC System consisting of the following 
modules was used: 

•	 Agilent 1260 Infinity Quaternary 
Pump with vacuum degasser 
(G1311B)

•	 Agilent 1260 Infinity  
High-Performance Autosampler 
(G1367E)

•	 Agilent 1260 Infinity Thermostatted 
Column Compartment (G1316C)

•	 Agilent 1260 Infinity Diode Array 
Detector (G4212B) with 60-mm Max-
Light flow cell

The UHPLC analysis was developed 
and performed using an Agilent 1290 
Infinity LC System consisting of the 
following modules:

•	 Agilent 1290 Infinity Binary Pump 
with integrated vacuum degasser 
(G4220 A) and 100-μL Jet Weaver 
mixer

•	 Agilent 1290 Infinity High 
Performance Autosampler (G4226A)

•	 Agilent 1290 Infinity Thermostatted 
Column Compartment (G1316C):

•	 Agilent 1290 Infinity Diode Array 
Detector (G4212A) with 10-mm  
Max-Light flow cell

Columns:

•	 Agilent Poroshell 120 EC-C18  
columns with internal diameters of 
2.1 mm and lengths of 75 mm, packed 
with 2.7-μm particles  
(697775-902)

•	 Agilent Poroshell 120 EC-C18 column 
3.0 × 150 mm, 2.7-μm (693975-302)

Software:

•	 Agilent ChemStation B.04.02

Reagents and materials
All the chemicals and solvents used 
were HPLC grade. Highly purified water 
was used from a Milli Q water purifica-
tion system (Millipore Elix 10, Millipore, 
USA). Acetonitrile and methanol were 
of super gradient grade and were 
purchased from Lab-Scan (Bangkok, 
Thailand) and biotech grade tetra 
hydro furan (THF) was purchased from 
Sigma (Germany). Eluent additive grade 
acetic acid was purchased from Fluka 
(Germany) and all other chemicals used 
in this study were from Aldrich (India). 
Standards of menadione (K3), Linolenic 
acid (6-omega fatty acid), Retinol (alco-
hol form of vitamin A), retinoic acid 
(acid form of vitamin A), 9-cis retinal 
(aldehyde form of vitamin A), vitamin 
K2, Cholecalciferol (D3), tocopherol 
(a form of vitamin E), and vitamin K1 
were purchased from Aldrich (India). 
The infant formula and multivitamin 
tablets used in this study for recovery 
and nutrition labelling analysis were 
purchased locally.
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Chromatographic parameters
Chromatographic parameters used for 
reverse phase liquid chromatography 
and UHPLC are shown in Table 1.

Fat soluble vitamin standard 
solution
Vitamin standards of menadione, lino-
lenic acid, retinol, retinoic acid, retinal, 
vitamin K1, K2, D3, and tocopherol 
were prepared individually by weighing 
approx. 50 mg of the vitamin powder 
and transferring it to a 25-mL volu-
metric standards flask. Mobile phase 
B was added to form a stock solution 
of 2.0 mg/mL (2,000 ppm). Sonication 
was used when required. Fat-soluble 
vitamin stock solutions were wrapped 
with aluminum foil and stored at  
+ 4.0 °C in the dark when not in use. 

Mixed standard solution and 
linearity levels
About 100 µL of each standard were 
precisely mixed to get a 1,000-µL stand-
ard mix of fat soluble vitamins at con-
centration of 200 ppm each. Linearity 
levels were prepared by subsequent 
dilution of this 200-ppm standard spike 
mix, using mobile phase B as diluent. 
The linearity standard solutions  
were covering a range of 5 pg/µL to 
100 ng/µL (10 levels and 6 replicates)

Sample preparation for nutrition 
labelling and recovery studies
Two different types of samples, infant 
formula and vitamin tablets were used 
for nutrition labelling and recovery 
studies. Vitamin D was the analyte 
used in this study to evaluate recovery 
efficiency and further perform nutri-
tion labelling analysis. Vitamin D from 
5-g infant formula was extracted by 
alkaline hydrolysis, using ethanolic 
potassium hydroxide and the refluxing 
time was about 45 minutes2. Pyrogallol 
was used as an antioxidant during the 
refluxion. A 10-mL mixture of hexane 
and diethyl ether in the ratio 1:1 was 
used to extract vitamin D from the 

Parameter Agilent 1260 Infinity Quaternary LC system Agilent 1290 Infinity LC system

Column oven: 45 °C 45 °C

Acquisition rate: 20 Hz 80 Hz

Data acquisition: 216, 246, 266, 326, 356, 376 nm 216, 246, 266, 326, 356, 376 nm

Flow cell: 60 mm path 10 mm path

Injection volume: 5 µL (needle with wash, flush port active for 
5 seconds)

1 µL (needle with wash, flush 
port active for 3 seconds)

Sample thermostat: 5 °C 5 °C

Mobile phase A: 95:5; water:THF with 0.05%  
acetic acid

95:5; water:THF with 0.05% 
acetic acid

Mobile phase B: 75:25:5; Acetonitrile:Methanol:THF with 
0.035% acetic acid

75:25:5;Acetonitrile:Methanol: 
THF with 0.035% acetic acid

Gradient: At 0 min	 & 30%B 
At 3 min	 & 75%B 
At 8 min	 & 100%B 
At 15 min	 & 100%B 
At 15.1 min	& 30%B

At 0 min	 & 50%B 
At 0.6 min	 & 75%B 
At 1.7 min	 & 100%B 
At 3.4 min	 & 100%B 
At 3.5 min	 & 50%B

Post run time: 5 minutes 1 minute

Flow rate: 0.9 mL/min 0.9 mL/min

Table 1
Chromatographic parameters used for the Agilent 1260 Infinity LC system and the Agilent 1290 Infinity LC system.

saponified digest. A 1.0 mL amount of 
this organic layer was evaporated to 
dryness after successive washing with 
water and further reconstituted with 
200 µL mobile phase B and injected in 
HPLC for nutrition labelling analysis. 
Recovery studies were performed using 
spiked and unspiked samples of infant 
formula. An on-column concentration 
of 25 ng vitamin D standard was used 
for sample spiking. Extraction  
procedure was same as before.

In the case of multi vitamin tablets, 
recovery and nutrition labelling studies 
were carried out from one tablet.

Precautions
Vitamins are known to be highly sensi-
tive to light and heat. To extend the sta-
bility in solution form, all the prepared 
solutions were wrapped in aluminum 
foils and stored in a refrigerator at  
4 °C in the dark, when not in use. The 
thermosttated autosampler tray was 
maintained at 4 °C during the analysis. 
Extractions of vitamin D from samples 
were performed under dark conditions.

Procedure
5 μL of mobile phase B was injected 
as blank and followed by each linear-
ity level in six replicates. Area and 
retention time (RT) information of each 
level were utilized to calculate standard 
deviation (SD) and relative standard 
deviation (RSD) values. LOD and LOQ 
were established from the lower linear-
ity level injections. Average area of 
vitamin peaks in each linearity levels 
was plotted against the concentration 
to construct linearity curves. 

Six critical method parameters were 
changed to evaluate the robustness of 
the method. A standard spike mix was 
injected in six replicates and data was 
used for robustness study. 

For nutrition labelling analysis, amount 
of vitamin-D present in infant formula 
and multivitamin tablet were quantified 
and compared with the label value. 
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Recovery studies using infant formula 
and multivitamin tablets were per-
formed by injecting with or without 
spiking 25 ng vitamin D standard to 5 g 
or per tablet respectively.

The method was effectively transferred 
to UHPLC. LOD, LOQ, and linearity of 
each vitamin were evaluated and preci-
sion of the method was established by 
area and RT RSD. Linearity curves for 
all vitamins using UHPLC method were 
also plotted.

Results and Discussion

Separation and detection
Excellent separation of nine fat soluble 
vitamins in 13 minutes was achieved 
using an Agilent Poroshell 120 EC-C18 
(3.0 mm × 150 mm, 2.7 µm) column. 
The absorbance maximum was found 
to be different for different vitamins 
due to the diversity in molecular struc-
tures. The chromatographic elution 
patterns of nine vitamins are shown in 
Figure 1 and the list of vitamins with 
individual absorbance maxima are 
tabulated in Table 2. The observed base 
line drift at 216 nm can be explained by 
the change in amount of modifier in the 
mobile phase during the gradient run. 
We used the peak purity feature in the 
ChemStation software to check the 
purity of each peak, and thus specific-
ity of method was evaluated. Precision, 
linear range, accuracy, specificity, 
recovery, and robustness studies were 
used to validate the method.
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Figure 1
Separation of nine fat soluble vitamins using a 15-cm Agilent Poroshell 120 EC-C18 column. The excellent 
separation of three different forms of vitamin A is shown in the insert.

Sl no. Name Synonym Absorbance max. RT 

1 Menadione vitamin k3 250 2.965 

2 Linolenic acid 6-omega fatty acid < 216 6.918 

3 Retinol vitamin  A alcohol 326 7.280 

4 Retinoic acid vitamin  A acid 356 7.386 

5 9-cis Retinal vitamin  A aldehyde 376 7.550 

6 Vitamin K2 vitamin K2 246 10.340 

7 Cholecalciferol vitamin D3 266 10.575 

8 Tocopherol a form of vitamin E < 220 11.505 

9 Vitamin K1 vitamin k1 246 12.603 

Table 2
List of vitamins used in this study and observed absorbance maxima for each vitamin.
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Limit of Detection (LOD) and 
Limit of Quantitation (LOQ) 
The analyte concentration that pro-
vides a signal to noise ratio (S/N) of  
> 3 was considered as LOD and analyte 
concentration with S/N > 10 was con-
sidered as LOQ. Observed LOD and LOQ 
value of each vitamin are tabulated in 
Table 3. As an example, overlay of LOD, 
LOQ chromatograms of cholecalciferol 
(Vitamin D) with blank is shown in 
Figure 2.

Linearity
All the prepared linearity levels were 
injected in six replicates and lin-
earity curves for each vitamin were 
constructed from the LOQ level to a 
highest concentration level in the study 
using area response and concentra-
tion values. This linearity range covers 
the usual vitamin content values in 
common food matrices. The observed 
regression coefficients for all vitamins 
were also tabulated in Table 3. The 
linearity curve for cholecalciferol is 
shown as an example in Figure 3.
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Figure 2
LOD (25 pg) and LOQ (50 pg) chromatograms of cholecalciferol (vitamin D) overlaid with blank.

Table 3
LOD, LOQ, and linearity results of all nine vitamins. 

Sl no. Name LOD (ng) LOQ (ng)

Linearity 
range (ng) 
on-column R2  value 

Total levels, 
replicates = 6 Linearity equation

1 Menadione 0.025 0.05 0.05–250 0.99997 10 y = 33.0129976 x + 6.4314273

2 Linolenic acid 1.5 2.5 2.5–500 0.99989 6 y =1.86128287 x + 0.1410729

3 Retinol 0.5 1.5 1.5–500 0.99990 7 y = 0.60131392 x + 1.2872412

4 Retinoic acid 0.025 0.05 0.05–250 0.99987 10 y = 40.3653646 x + 70.38627

5 Retinal 0.025 0.05 0.05–250 0.99956 10 y = 42.7776135 x + 50.084652

6 Vitamin K2 0.025 0.05 0.05–500 0.99996 11 y = 15.2586556 x – 16.251493

7 Cholecalciferol 0.025 0.05 0.05–500 1.00000 11 y = 17.9806249 x – 5.667246

8 Tocopherol 5 25 25–500 0.99896 4 y = 9.74071376 x – 229.06229

9 Vitamin K1 0.05 0.15 0.15–500 0.99989 10 y = 14.6792864 x – 19.932064
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Precision of retention time (RT)
and area
To establish the method precision, rela-
tive standard deviation (RSD) values for 
retention time (RT) and area of all nine 
vitamins at 50 ng on-column concen-
tration were calculated. The highest 
observed area RSD value was 0.035% 
and RT RSD was 0.04%. Graphical  
representation of area and RT RSD 
values of nine vitamins are shown in 
Figure 4.

Robustness
Robustness of the method was evalu-
ated by deliberately varying six critical 
method parameters and the result-
ing deviation in area and retention 
time was calculated and compared to 
the original method. As a sample, a 
standard spike mix solution of vitamins 
was injected in six replicates. Allowed 
deviation for retention time and area 
was set to ± 3% and ± 5% respectively. 
Results from robustness study are 
summarized in Table 4. 

The deviation of retention time is 
within the allowed limit for robust-
ness studies with increasing flow rate, 
mobile phase composition and column 
temperature. However, the impact 
of gradient steepness variation was 
higher and observed RT deviations 
were above the limit. Area devia-
tions for eight vitamins were found 
to be within the limit for majority of 
tests, except for vitamin K2. The area 
of vitamin K2 was found to be very 
sensitive to flow rate, gradient steep-
ness, column temperature, mobile 
phase composition, and detection 
wavelength. Another parameter which 
needs to be carefully controlled is the 
detection wavelength. Robustness 
results indicate that, the method is reli-
able to use for normal usage and, to a 
great extent, the performance remains 
unaffected by deliberate change in 
parameters.
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Figure 3
Linearity curve of cholecalciferol from 0.05 ng to 500 ng (on-column concentration) showing excellent coefficient 
value.

Figure 4
Excellent RT and area RSD values for all vitamins at 50 ng on-column concentration.
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Recovery of vitamin D from 
sample matrix
Recovery analyses for vitamin D from 
multi vitamin tablets or infant formula 
were carried out by a standard addi-
tion method3. A standard solution of 
vitamin D at 25 ng/µL was used for this 
analysis. In this study, the area of the 
vitamin D peak in the spiked sample, 
unspiked sample and standard chro-
matogram were measured separately. 
The difference in detector response 
between spiked and unspiked sample 
was compared against response 
observed in standard chromatogram 
and expressed in percentage as recov-
ery. The recovery results from multivi-
tamin tablets and infant formula were 
94% and 62% respectively. The low 
recovery value of vitamin D from infant 
formula can be justified by the chal-
lenge involved in vitamin extraction 
from a matrix containing a high amount 
of proteins and fat. The chromatograms 
observed for spiked, unspiked, and 
standard vitamin solutions are shown 
in Figure 5.

Sl no. Parameter (actual value)
Measured 
deviation Modified value

RT deviation  
(Allowed limit is ± 3.0%)

Area deviation  
(Allowed limit is ± 5.0%)

1 Flow rate (0.9) 2% 0.92 mL/min Passed Passed for 8 compounds

0.88 mL/min Passed for 8 compounds Passed for 6 compounds

2 Injection volume (5 µL) 2% 5.1 µL Passed Passed for 8 compounds

4.9 µL Passed Passed for 8 compounds

3 Gradient steepness  
(5, 75 to 100 in 5 minutes)

10% 4.5 (77.5 to 100 in 5 minutes) Passed for 5 compounds (Failed for  
4 compounds which are eluting in 
the initial gradient time frame)

Passed for 8 compounds

5.5 (72.5 to 100 in 5 minutes) Passed for 5 compounds (Failed for  
4 compounds which are eluting in 
the initial gradient time frame)

Passed for 8 compounds

4 Mobile phase composition  
(ACN 75%)

5% Acetonitrile 80% (80:15:5) Passed Passed for 7 compounds

Acetonitrile 70% (70:25:5) Passed Passed for 8 compounds

5 Column temperature (45 °C) 5% 47.2 °C Passed Passed for 8 compounds

42.8 °C Passed Passed for 8 compounds

6 Wavelength  
(216, 246, 266, 326, 356, 376 nm)

3 nm (219, 249, 269, 329, 359, 379 nm) Passed Passed for 6 compounds

(213, 243, 263, 323, 353, 373 nm) Passed Passed for 5 compounds

Table 4
Robustness test result summary.
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represented as in Figure 8. Low RSD 
values for area and RT confirmed  
precision of the method.

These results prove the reliability and 
sensitivity of the developed UHPLC 
method. Quick nutrition labeling analy-
sis of food samples is possible using 
this method.

Nutrition labelling
In this study, the amount of vitamin D 
present in infant formula and multivi-
tamin tablets was estimated using the 
area response and compared with the 
concentration claimed on the label. 
Linearity equations originated from lin-
earity curves were used for the calcula-
tion. Extraction was carried out using 
ethanolic KOH refluxion. The label claim 
for vitamin D in infant formula and multi-
vitamin tablets were 8.3 µg/100 g and 
10 µg/tablet respectively. The calculated 
values with recovery corrections were  
6.0 µg/100 g and 12.0 µg/tablet respec-
tively. The results show excellent 
suitability of the method to quantify 
vitamins in food sample.

UHPLC Method
A UHPLC method with diode array 
detection was developed for the 
separation of nine fat soluble vitamins. 
The resulting UHPLC method shows 
excellent resolution and saves about 
66% percent analysis time and solvent 
compared to the 15 minutes long HPLC 
gradient (Figure 6). The Retinol peak 
is slightly co-eluting with the retinoic 
acid peak. This will not be a problem 
for analyzing vitamins, because in a 
given sample matrix, the possibility of 
vitamin A being present in the alco-
hol (retinol) and acid (retinoic acid) 
form simultaneously is very rare. The 
LOD and LOQ levels and linearity of 
each vitamin, except for retinol, was 
established using the UHPLC method. 
The observed LOD, LOQ and linear-
ity results are tabulated in Table 5. 
Excellent linearity observed for  
vitamin D is shown in Figure 7. RSD 
values for RT and area for an  
on-column concentration of 100 ppm 
with an injection volume of 1 µL was 
calculated. The highest observed RSD 
for area was 1.25% and that for RT was 
0.12%. The results can be graphically 
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Figure 6
Overlay of separation of nine fat soluble vitamins using HPLC method on Agilent 1260 infinity and 
UHPLC method on 1290 Infinity LC system.

Peak identification

1. Menadione
2. Linolenic acid
3. Retinol
4. Retinoic acid
5. cis Retinal
6. Vitamin K2
7. Cholecalciferol
8. Tocopherol
9. Vitamin K1

Sl no. Name LOD (ng) LOQ (ng) 

Linearity 
range (ng) 
on-column R2 value 

Total levels, 
replicates = 6

1 Menadione 0.025 0.05 0.05–200 0.99995 10 

2 Linolenic acid 0.5 1 1–500 0.99990 7 

3 Retinoic acid 0.025 0.05 0.05–200 0.99999 10 

4 Retinal 0.05 0.1 0.1–200 1.00000 9 

5 vitamin K2 0.05 0.1 0.1–500 0.99999 10 

6 Cholecalciferol 0.05 0.1 0.1–500 0.99998 10 

7 Tocopherol 0.5 1 1–500 0.99966 7 

8 vitamin K1 0.1 0.25 0.25–500 0.99990 9

Table 5
LOD and LOQ values derived from the UHPLC method using Agilent 1290 Infinity LC system.
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Figure 7
Linearity of vitamin-D from 0.05 ng to 500 ng showing a correlation of 0.99998 (9 levels and six replicates). 
Injection volume is 1 µL.
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Figure 8
Area and RT RSD values from UHPLC results for all vitamins except retinol at an on-column concentration of 
100 ppm. Injection volume is 1 µL and six replicates.

Conclusion

Nine fat soluble vitamins were sepa-
rated and quantified using an Agilent 
Poroshell 120 EC-C18 column. Using 
the Agilent 1260 Infinity LC System, a 
robust, 15 minute long, HPLC gradient 
method was developed. The method 
can be used successfully to quantify 
vitamins like menadione, Linolenic acid, 
various form of vitamin A, D, E, and K. 
The linearity range of the current study 
is broad to accommodate various pos-
sible concentrations of these vitamins 
in many food matrices. Gradient condi-
tions ensured better chromatographic 
resolution improved sensitivity, and 
less matrix interference. The method 
is simple, specific, sensitive, rapid, and 
also provides good precision, linear-
ity and recovery values. Efficient use 
of this method was demonstrated 
by quantifying vitamin D from infant 
formula and multivitamin tablet matrix. 
Later, this method was transferred to 
a short 3 minute UHPLC method using 
the Agilent 1290 Infinity LC System 
which in turn saves 66% of analysis 
time and solvent. These methods using 
the Agilent 1260 Infinity LC and Agilent 
1290 Infinity LC systems can be applied 
for accurate routine nutrition labeling 
analysis of fat soluble vitamins. 
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Fast analysis of resveratrol in red 
wine using the Agilent 1290 Infi nity 
LC System

Application Note

Food

Abstract
Red wine contains various polyphenols, which function as antioxidants. This Ap-

plication Note shows the analysis of one of the antioxidant resveratrol in red wine. A 

recent study found that resveratrol improves health and extends maximum lifespans 

in various species1. The fast and highly sensitive analysis of resveratrol was done on 

an Agilent 1290 Infi nity LC using an Agilent ZORBAX RRHD sub-2 µm column and the 

Max-Light high-sensitivity fl ow cell with 60 mm path length.

Confi guration

Agilent 1290 Infi nity LC System
Agilent 1290 Infi nity Lc Binary Pump (G4220A)
Agilent 1290 Infi nity LC Autosampler (G4226A)
Agilent 1290 Infi nity LC Thermostatted Column Compartment (G1316C)
Agilent 1290 Infi nity LC Diode Array Detector with 60 mm Max-Light 
high-sensitivity fl ow cell (G4212A)
System control by OpenLab CDS ChemStation Edition software

Analytical conditions
Column: Agilent ZORBAX RRHD SB-C18 2.1 x 100 mm,1.8 µm
Mobile phase: A = Water + 0.1% formic acid, B = Acetonitrile + 0.1 % formic acid
Isocratic: 25 % B
Flow rate: 0.5 mL/min
Column temp.: 40 °C
Injection vol.: 1 µL
Detection: 320 nm/4, reference off
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Experimental

A chromatogram of the standard solu-
tion is shown in Figure 1. The retention 
time of resveratrol is 1.91 min. Figure 2 
shows the overlaid chromatograms of 
standard solutions at different concen-
tration levels of 0.001, 0.0025 and 
0.01 mg/L. With a S/N of 4.2 for the 
0.001 mg/L solution even the lowest 
concentration was well over the limit 
of detection (LOD, S/N > 3). For the 
calibration, a set of external standards 
was used giving a good linearity with a 
R2 value of 0.999 between concentra-
tions from 0.001 to 0.1 mg/L
(Figure 3). Precision of retention time 
and area was 0.12 % (RSD) and 3.32 % 
(RSD), respectively. For the analysis of 
a real-life sample, red wine was fi ltered 
through a 0.45 µm fi lter before injec-
tion. Figure 4 shows the chromatogram 
of a red wine sample containing 0.014 
mg/L of resveratrol. For compound 
confi rmation, the retention time of 
resveratrol was used and the UV spec-
trum of the peak was matched with a 
standard with a match factor 981. The 
total run time of the analysis was less 
than 3.5 minutes

Conclusion

This Application Notes shows the 
analysis of the antioxidant resveratrol 
in red wine in less than 4 minutes run 
time with excellent sensitivity, preci-
sion of area and retention time and lin-
earity. The analysis of a real-life sample 
confi rmed the good results.
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Figure 1
Chromatogram of reference solution (0.01 mg/L) and spectrum of resveratrol.
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Chromatogram of standard solutions with different concentrations.
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Figure 4
Chromatogram of red wine and spectrum of resveratrol.
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Abstract

A non-targeted metabolomic analysis approach to the classification of wine vari-
eties was developed, employing LC/QTOF MS and MassHunter Workstation soft-
ware. Molecular feature extraction, data filtering, and statistical analysis utilizing
ANOVA and PCA identified 26 marker compounds that were then used to build a
PLSDA prediction model. An overall accuracy of 95.6% in discriminating between
Cabernet Sauvignon, Merlot and Pinot Noir red wine varieties was obtained using
the model. This approach may be widely applicable to the analysis and 
characterization of foods.

Introduction

Wine is a beverage widely consumed throughout the world, with consumption 
estimated at 2.65 billion 9-liter cases in 2008, and wine consumption in the United
States registered its 15th consecutive annual gain [1]. Thus wine is an important
global food commodity of high commercial value. In order to protect this valuable
market, wine authenticity control, mainly in terms of varieties, geographical origin
and age, is continuously required to detect any adulteration and to maintain wine
quality [2]. Wine is a complex matrix of water, alcohol, sugars and a wide range of
minor organic and inorganic constituents. Many factors influence the concentration
levels of these compounds, including grape variety, climate, wine-growing area, and,
last but not least, the winemaking process. Establishing wine authenticity can thus
be a very challenging proposition.
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In the past few years, the emerging field of metabolomics has
become an important strategy in many research areas such as
disease diagnostics, drug discovery and food science. It has
been used for informative, discriminative, and predictive pur-
poses associated with food quality and safety. Metabolomic
studies aim at the comprehensive analysis of numerous tar-
geted or non-targeted metabolites (compounds with molecu-
lar weight typically below 1000 daltons) in a biological
sample. As the metabolites significantly differ in both physico-
chemical properties and abundance, these analyses require
sophisticated analytical technologies.

One of the techniques most widely used in metabolomics is
liquid chromatography/mass spectrometry (LC/MS). For pro-
cessing of large chromatographic and/or spectral data sets
typically generated by metabolomic analyses, effective soft-
ware tools capable of rapid data mining procedures and align-
ing algorithms have to be used. Advanced chemometric tools
for reduction of data dimensionality are also employed to
maximize utilization of the information present in the multi-
variate records obtained from data mining, including principal
component analysis (PCA) and Analysis of Variance (ANOVA).

This application note describes a non-targeted metabolomic
analysis approach to the classification of wine varieties that
employs liquid chromatography coupled to quadrupole time-
of-flight mass spectrometry (LC/QTOF MS). The Agilent
Series 1200 SL Rapid Resolution LC system was coupled to an
Agilent 6530 accurate-mass Q-TOF MS with electrospray 
ionization (ESI) enabled with Agilent Jet Stream technology.
MassHunter Workstation software, including Qualitative
Analysis and Mass Profiler Professional, was used for molec-
ular feature extraction and data filtering, followed by multi-
variate analysis by PCA and one-way ANOVA, eventually 
leading to the construction of a classification model using
Partial Least Square Discrimination Analysis (PLSDA). The
end result was the use of 26 compounds that enabled a pre-
dictive model that was 95.6% accurate in discriminating
between Cabernet Sauvignon, Merlot and Pinot Noir red 
wine varieties. The results of this study have been published [3].

Experimental

Reagents and standards 
The reagents and standards used were as specified in the pre-
vious publication [3]. HPLC grade methanol was purchased
from Honeywell Burdick and Jackson (Muskegon, MI, USA),
and deionized water was produced by a Milli-Q purification
system (Millipore, Bedford, MA, USA). Ammonium formate,
ammonium acetate, acetic acid, and formic acid, used as
mobile phase additives (each of purity ¡ 99%), were supplied
GFS Chemicals (Powell, OH, USA) using doubly distilled
formic acid, acidic acid and ammonium hydroxide at the
appropriate concentrations. 

Samples
In total, 45 red wine samples of Cabernet Sauvignon 
(CS, n = 15), Merlot (M, n = 16), and Pinot Noir (PN, n = 14)
varieties were purchased from reliable sources at Czech
Republic and U.S. retail markets. Samples represented wines
of various geographic origin (Australia, Bulgaria, Czech
Republic, France, Germany, Hungary, Chile, Italy, Macedonia,
Slovakia, Spain, and USA), and vintage (2004–2008), compris-
ing a highly variable sample set. Wines were uncorked and an
aliquot of sample was transferred into a 2-mL autosampler
amber vial (filled to its capacity). Samples were stored in the
dark at 2 °C, until LC/MS measurements were taken. Samples
were analyzed in random order.

Instruments
This study was performed on an Agilent Series 
1200 SL Rapid Resolution LC system coupled to an Agilent
6530 accurate-mass Q-TOF MS with electrospray ionization
(ESI) enabled with Agilent Jet Stream technology. The 
instrument conditions are listed in Table 1.

To assure the desired mass accuracy of recorded ions, contin-
uous internal calibration was performed during analyses with
the use of signals at m/z 121.0509 (protonated purine) and
m/z 922.0098 (protonated hexakis,1H, 1H, 3H-tetrafluoro-
propoxy, phosphazine or HP-921) in positive ion mode; in neg-
ative ion mode, ions with m/z 119.0362 (proton abstracted
purine) and m/z 980.0164 (acetate adduct of HP-921) were
used.
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Table 1. LC and Mass Spectrometer Conditions

LC Run Conditions

Column Agilent ZORBAX Eclipse Plus C-18, 
2.1 × 100 mm, 1.8 µm 
(p/n 959931-902)

Column temperature 40 °C

Injection volume 2 µL

Autosampler temperature 4 °C 

Needle wash Flush port (50:25:25 H2O, IPA:MeOH:H2O, 5 sec) 

Mobile phase Positive ionization mode:
A = 5 mM Ammonium formate
B = Methanol

Negative ionization mode:
A = 5 mM Ammonium formate
B = Methanol 

Flow rate 0.3 mL/min during gradient run
0.5 mL/min during column equilibration

Gradient B = 5% to 65%, 0 to 13 min
B = 65% to 100%,13 to 16 min
B = 100% from 16 to 20 min
B = 5% from 20 to 24 min
(column equilibration)

Analysis time 20 min

MS Conditions

Ion mode Positive and negative, 
ESI+APCI multimode ionization

Drying gas temperature 300 °C 

Vaporizer temperature 170 °C

Drying gas flow 11 L/min

Nebulizer pressure 40 psi

Capillary voltage 4500 V positive ion mode
3000 V negative ion mode

Skimmer voltage 65 V 

Octapole DC1 47 V

Octapole RF 750 V

Fragmentor voltage 125 V

Spectra acquisition rate 1.4 spectra/second

MS/MS Conditions

Ion mode Positive ion

Isolation window 4 amu

Spectra acquisition rate 1.4 spectra/second

Data Processing and Statistical Analysis
MassHunter Workstation software, including Qualitative
Analysis (version 3.01) and Mass Profiler Professional 
(version B.02.00), was used for processing both raw MS and
MS/MS data, including molecular feature extraction, back-
ground subtraction, data filtering, statistical analysis by
ANOVA and PCA, followed by the construction of the predic-
tive classification model, molecular formula estimation, and
database searching. 

To perform subtraction of molecular features (MFs) originating
from the background, analysis of a blank sample (deionized
water) was carried out under identical instrument settings
and background MFs were removed. Using background sub-
tracted data, files in compound exchange format (CEF files)
were created for each sample and exported into the Mass
Profiler Professional (MPP) software package for further 
processing.

Results and Discussion

Wine analysis
This metabolomic profiling study (Figure 1) began with the
analysis of a total of 45 red wine samples from around the
world comprising three different categories based on the
grape varieties used to produce them: Cabernet Sauvignon
(15), Merlot (16), and Pinot Noir (14). To avoid any possible
discrimination of metabolites present, no sample pre-treat-
ment procedures such as extraction or dilution were per-
formed prior to LC/ MS analysis, and the wine samples were
injected directly onto the separation column. As this was an
untargeted study, generic settings were applied to both 
LC separation and MS analysis to obtain profiles containing
as many compounds as possible. Both reversed-phase chro-
matography and hydrophilic interaction liquid chromatography
(HILIC) were used to separate the wide variety of compounds
present in wine. In addition, Agilent Jet Stream technology
enabled electrospray and multimode ion sources were used to
collect the MS data. The multimode ion source provided
simultaneous APCI and electrospray ionization. The most
useful data was collected with the reversed-phase 
Agilent ZORBAX Eclipse Plus C18, 2.1 × 100, 1.8 µm particle
size column. 

The wine sample analyses were quite complex, exhibiting a
multitude of peaks, each containing multiple compounds
(Figure 2). In addition, the solvent blank contained contami-
nant peaks that needed to be subtracted in order to generate
valid data. Data mining was therefore required to extract
meaningful data from the results.
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Figure 1.  Workflow for a metabolomic study to generate a predictive model for wine classification and identify the marker compounds.

Figure2. Total Ion Current (TIC) chromatogram of a wine sample llustrating its complexity. Each peak contains several compounds. The blank must also
be subtracted in order to properly interpret the data.
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Data mining
The Molecular Feature Extractor (MFE) algorithm in the
MassHunter workstation software was used to perform
meaningful data mining. This algorithm removes data points
that correspond to persistent or slowly-changing background,
searches for features that have a common elution profile and
groups ions into one or more compounds (features) contain-
ing m/z values that are related (correspond to peaks in the
same isotope cluster, different adducts or charge states of the
same entity). Molecular feature extraction also enables sub-
traction of chromatographic background caused by impurities
in the mobile phase, extracting all compounds found in the
solvent blank. The results are then used as a background sub-
traction dataset for all sample files, excluding all compounds
that were in the blank from the evaluation of the samples.

The settings for the molecular feature extractor are important,
because the algorithm has been tuned for different types of
large and small molecules. Figure 3 shows the selection for
the small molecules of interest in this study.

The masses found in the blank can be copied and pasted right
into the MFE tab for automated background subtraction
(Figure 4). Once all the settings are made for the data pro-
cessing method, including the appropriate MFE algorithm and
the threshold counts (Figure 3), it is saved and used to
process all data files in a batch mode using the offline utility.
The batch data processing includes finding compounds using
MFE and then creating a compound exchange format (.CEF)
file of the results. Those results are saved in a project folder
that will then be used by Mass Profiler Professional for data
filtering and statistical analysis.

Figure 3. Settings used by the Molecular Feature Extractor (MFE) to extract entities (compounds) from the 
LC/QTOF MS data.
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Data processing
Data processing for metabolomic studies is often very tedious
and time intensive when using complicated statistical soft-
ware written to handle ASCI or text type results. Mass
Profiler Professional (MPP) is ideal for the sophisticated data
management, filtering, statistical analysis, interpretation,
model creation, and prediction required to efficiently utilize
metabolic data. It provides an easy-to-follow guided workflow
that helps the user decide how best to evaluate the data.
Expert users can go directly to the data processing they 
wish to use (see the Mass Profiler Professional brochure
5990-4164EN for further details). 

MPP uses eight steps for data evaluation, starting with a
summary report, revealing that the wine data set contains
over 20,000 entities (or possible compounds) found through-
out the samples. These are determined by the accurate mass
of the cluster of ions and their chromatographic alignment.
The next step is experiment grouping into classes, and in 
this case the three classes are Cabernet Sauvignon (CS),
Merlot (M) and Pinot Noir (PN).

Data filtering
Entity filtering permits the creation of a higher quality data set
so that subsequent multivariate analysis is more meaningful.
The first filter determined which entities (compounds) were in
at least one group 100% of the time (frequency analysis). That
is, the compound must be in that group in all the samples.
This frequency filter reduced the possible markers from 20506
entities to 663. However, by setting the frequency to 100%,
some important markers could be filtered out. In the case of
Pinot Noir, one compound was removed, even though it was
present in 14 out of the 15 samples (Figure 5). Setting the fre-
quency filter to 50% allows the inclusion of many more enti-
ties without excluding those like the compound in 14 of 15
Pinot Noir samples. Using the 50% filter reduced the number
of entities from 20506 to 3600.

The next step was to filter the Analysis of Variance (ANOVA)
results, which determine what level of variance is accepted
as significant for a given entity. Using a probability p value 
of .05 (variance from one sample to another has a 95% proba-
bility that it is significant), the 3600 entities from the 
frequency filter were reduced to 40 significant compounds. 

Figure 4. The resulting masses found in the blank can be copied and pasted right into the MFE tab for subtraction from all of the datasets.
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Fold Change was the final data processing filter applied, in
order to identify entities with large abundance differences
between the selected data classes, that is, those that differ in
concentration by 2 fold, 3 fold, 4 fold, etc. between the three
data classes (CS, M and PN). Examining the data at higher
fold change than two, however, eliminated possible discrimi-
nating compounds of Cabernet and Merlot, and thus a 2-fold
filter was applied (Figure 6). This reduced the data set from 
40 to 26 possible compounds.

The next step in the processing of the data was recursion.
Recursion allows the re-examination of the data to assure that
each entity is a real peak and that those entities not found in a
sample are not there. MassHunter Qualitative Analysis soft-
ware automatically re-extracted the final group of 26 markers
from the raw data to generate extracted ion chromatograms
(EICs). A careful inspection of the resultant EICs was per-
formed to eliminate false positives (not a real peak) and false
negatives (a real peak is in a sample but was missed in the
molecular feature extraction data mining step). Once the 26
entities were confirmed as real, statistical analysis was per-
formed using Principle Component Analysis (PCA).

Figure 5. Using a 100% frequency filter can remove useful markers from the dataset, such as this compound that is present in Cabernet Souvignon and Merlot
samples at very low frequency, but shows up in 14 of 15 Pinot Noir samples.
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Statistical analysis
PCA is a frequently employed unsupervised multivariate
analysis technique enabling data dimensionality reduction,
while retaining the discriminating power in the data. It is per-
formed using the transformation of measured variables into
uncorrelated principal components, each being a linear com-
bination of the original variables. The goal is to identify possi-
ble relationships within the classes of data. Performing PCA
on the unfiltered data set and even the frequency-filtered data
set did not reveal any relationships that would enable the

data to be classified into varieties of wine. However, PCA of
the 26 identified marker entities revealed distinctive grouping
of the data into the three wine classes (Figure 7). Note that
PCA does not make the statistical distinction between vari-
eties; it only reveals that there are distinctions. The com-
pounds that distinguish one variety of grapes from another
were selected by the frequency filtering, ANOVA, and fold
change filtering of the entities identified by the molecular fea-
ture extractor, and then qualified by the recursion analysis. 

Figure 6. Fold Change Analysis is used to identify entities with significantly different abundance in selected classes. Examining the data at fold
change higher than two  eliminates possible Cabernet and Merlot markers, so a 2-fold filter was applied. This reduced the data set from 40
to 26 possible markers. 
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Classification model
Having established three data classes with the filtered com-
pounds that were selected through processing with Mass
Profiler Professional, the next step was to create a model that
can predict the variety of a wine. The Partial Least Square
Discrimination Analysis (PLSDA) model in MPP best fit the
mass spectral data. The first step in building the classification
model was to train the model with the data.  

The PLSDA algorithm produces a Confusion Matrix, which is
a table with the true class in rows and the predicted class in
columns. The diagonal elements represent correctly classified
experiments, and cross diagonal elements represent misclas-
sified experiments (Table 2). The table also shows the predic-
tive accuracy of the model as the percentage of correctly
classified experiments in a given class. The accuracy of this
training set for each class, as well as overall, was 100%.

The next step was to test the model with the same data.
Although redundant, this is a valid statistical procedure. The
same class prediction model was used for the validation of
the trained model. Note that Merlot was incorrectly identified
in two cases, resulting in an accuracy of prediction for Merlot
of 87.5%, and an overall predictive ability of 95.6% (Table 2).
The use of more samples would likely improve the predictive
ability of the model by improving the statistical power of the
analysis.

Table 2. Confusion Matrix Illustrating the Classification Results Using the
PLSD Model

Cabernet Pinot 
Sauvignon (CS) Merlot (M) Noir (PN) Accuracy (%)

Model training 15 0 0
CS 0 16 0 100.0
M 0 0 14 100.0
PN 100.0

Recognition ability (%) 100.0

Model validation
CS 15 0 0 100.0
M 1 14 1 87.5
PN 0 0 14 100.0

Predictive ability (%) 95.6

In order to demonstrate the predictive ability of the model,
five wines were purchased that were not among the wines
used to find the markers and develop the model. An additional
wine was purchased whose identity was not revealed to the
scientists conducting the experiment. Analysis of these wines
and applying the classification model correctly predicted the
variety of all five wines plus the unknown (Figure 8). These
results demonstrate the feasibility of developing markers and
using a model to accurately determine wine variety.

Figure 7. Principle Component Analysis (PCA) of the 26 markers remaining after the ANOVA and Fold Change filters were applied to the dataset. The markers
for each of the three wine varieties group together well, indicating their utility for predicting the variety of an unknown wine.
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Identification of wine markers
While it is not necessary to know the identity of the compounds
used as wine markers, the availability of standards for the
marker compounds could facilitate simpler tests for identification
of wine variety. Using the single MS accurate mass data for the
pseudo molecular ion and its isotopes, a molecular formula for
each marker compound can be generated. Those formulae that
provide a best fit of this data can be used to search private and
public databases of possible compounds. Of the 26 markers, only
one gave a result from a database. The molecular formula esti-
mation and subsequent tentative identification of a selected
marker compound for Pinot Noir (m/z 449.1078, RT 11.16 min),
present in the final group of markers, were performed based on
single MS.  Using this data to search the PubChem database
resulted in a suspect identification of this marker compound as
cyanidin-3-O-glucoside, which is anthocyanidin pigment. Using
the Q-TOF, accurate mass MS/MS of the m/z 449.1078 gave fur-
ther indication that this is the identity of the marker compound.
Without any idea of what a compound might be, even accurate
MS and MS/MS data would be difficult to interpret to obtain a
compound structure. Final confirmation would require a 
standard of the indicated compound. 

Conclusions

Metabolomic studies are valuable tools for the profiling of
complex food products such as wines. Using the highly accu-
rate and reproducible data generated by the Agilent LC/Q-TOF
MS system, a predictive model can be constructed to deter-
mine the variety of a wine. This may be broadly applicable to
other foodstuffs. Sophisticated software tools such as
MassHunter Qualitative Analysis and Molecular Profiler
Professional can be used to conduct data mining, filtering and
statistical analysis to identify markers specific to particular
food varieties (such as wine varieties) and use those markers
to build classification models that can determine the variety
of a foodstuff. Such models can be highly accurate, with the
overall accuracy of the wine variety classification model
described here being 96.5%. While it is not necessary to know
the identity of the marker compounds for the model to be
accurate, the same instrument system can be used to gener-
ate MS/MS spectra that can enable identification of the
marker compounds used in the model. If standards for the
putative compounds are available, confirmation of the 
compound’s identity can then be made. 

Figure 8. Table showing the results of the predictive model when applied to known wine samples, as well as one unknown. All samples were correctly 
classified.
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Using the Agilent ToF or Q-TOF LC/MS system and Mass
Profiler Professional unique markers can be discovered and
applied without knowing the compounds identities.

Wine is a beverage produced and consumed through-
out the world and is a highly valued commodity. Its
classification and authenticity can be very important.
The constituents of wine are complex and include
compounds that impart taste, color, and other charac-
teristics that determine the quality of the beverage.
One component is the type of grape used and the
question this study examines is whether there are
specific compounds in wine that distinguish one
grape from another. Using wines obtained from
around the world, the power of accurate mass and
high resolution is put to use by analyzing three vari-

eties of wine, Pinot Noir, Merlot, and Cabernet Sauvignon. Using Agilent’s Mass Profiler
Professional software, the resulting single MS data containing over 26000 entities are sta-
tistically evaluated. Once filtered on differences, principle component analysis shows that
the wine variety can be grouped by specific compounds found in the wine samples. With
this knowledge, a model based on partial least squares differentiation is made and
unknown wines can be classified. All this is done without knowing the identity of the
marker compounds that can distinguish one grape from another.

Using the Agilent 6530 Accutate-Mass Q-TOF LC/MS, MS/MS can be performed on the
ions shown to correlate specific grapes and identification can be pursued with the excel-
lent accurate mass measurements. It is noted that the identification of true unknowns,
compounds not found in any database, is a difficult task. However, identification is not
necessary for this type of determination and even the unidentified compounds can be
used with their MS/MS signatures for routine classification. This study demonstrates the
power of the Agilent LC/MS Q-TOF in combination with Mass Profiler Professional’s mul-
tivariate statistical capabilities designed specifically for MS data processing. 

FOOD AUTHENTICITY

Chemical Markers to Classify Wine   
A Prediction Model for Determining Wine Variety 
using the Agilent LC/MS Q-TOF and Agilent 
Mass Profiler Professional

Key Benefits

• Agilent 6500 Series Q-TOF  LC/MS pro-
vides the sensitivity, mass accuracy and
resolution needed to separate unique
compounds recognizing a wines variety

• Mass Profiler Professional provides the
needed multivariate statistics directly on
accurate mass spectral data 

• Mass Profiler Professional provides
powerful models for prediction analysis

• Comprehensive workflow wizards guide
the experimenter through statistical
analysis of their data to obtain powerful
correlations and visualization of the
results

• With Q-TOF MS/MS the identity of 
marker compounds may be obtained

This work was reported in  L. Vaclavik, O. Lacina, J. Hajslova,
J. Zweigenbaum, Analytica Chimica Acta 2011, 685, 45
(http://www.sciencedirect.com/science/article/B6TF4-
51GHWXP-1/2/e70f1f1928475f12c9341d8b67e05310).



This information is subject to change without notice

© Agilent Technologies, Inc., 2011
Printed in USA, June 1, 2011
5990-8203EN

Learn more:
www.agilent.com/chem

Email:
info_agilent@agilent.com

Find a customer center in your country:
www.agilent.com/chem/contactus

A Prediction Model for Determining Wine Variety using the Agilent LC/MS Q-TOF
and Mass Profiler Professional

Total Ion Chromatogram on wine sample injected directly shows the complexity of the data.

Principal component analysis of filtered results shows that Merlot, Cabernet Savagnoun, and Pinot Noir
wines can be distinguished by these marker compounds.
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Introduction

The elemental analysis of milk is important both as an indicator of environmental
contamination and because milk is a significant pathway for toxic metal intake and
a source of essential nutrients [1] for humans.

The accepted methods for elemental analysis of milk have traditionally included
either wet digestion or dry ashing [3–6]. These are time consuming and involve pro-
cedures using potentially hazardous chemicals. A direct method of analysis by
Inductively Coupled Plasma Atomic Emission Spectrometry (ICP-OES) would obvi-
ously be preferable, but this relies upon the instrument tolerating high levels of dis-
solved solids while providing sufficient sensitivity to measure toxic trace elements
and the dynamic range to measure nutritional major elements.

The use of a sequential ICP-OES for direct analysis of milk has been previously
described by Ryan [2]. This work describes the direct analysis of milk powder using
standard quantitative calibration with aqueous standards using a simultaneous
ICP-OES system. Viscosity effects of the milk powder solutions are corrected using
scandium (361.383 nm—ionic line) as an internal standard. Major, minor and trace
elements were determined in a single analysis. Less sensitive lines are used for the
determination of major elements allowing both major and minor elements to be
determined from a single solution.

Many of the major constituents in milk powder such as Na, K and Ca are Easily
Ionized Elements (EIE) which can cause ionization interferences. Previous work [2]
has shown that the addition of caesium as an ionization suppressant and internal
standard to the standards and samples was beneficial. The ionization suppressant
and internal standards are conveniently introduced into the plasma on-line, via the
third channel of the peristaltic pump. The accuracy and validity of the method was
assessed by the use of National Institute of Standards and Technology (NIST)
Standard Reference Material (SRM) 8435 Whole Milk Powder.
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potassium were internally standardized with the caesium
372.328 nm line, using added caesium as both the ionization
suppressant and internal standard. Scandium was used as an
internal standard for all other lines.

Standard Preparation
Aqueous standards were prepared from 1000 mg/L single ele-
ment standards (Spectrosol, BDH Chemicals). The standards
were made up in 18 MΩ Milli-Q water with 0.5% v/v HNO3
and 0.002% v/v Triton X100 prepared from a 1% w/v Triton
X100 solution. 

Table 2: Calibration Standards Prepared

Standard Elements and concentration (mg/L)

Standard 1 Ba (0.5), Mn (0.5), Zn (0.5), Sr (0.5)

Standard 2 Ba (1.0), Fe (1.0), Mn (1.0), Zn (2.0), Sr (5.0) 

Standard 3 Mg (5.0), Fe (5.0)

Standard 4 Mg (25.0), Na (25.0), Ca (25.0)

Standard 5 Na (100), Ca(100), K (100)

Standard 6 K (200)

Standard 7 S (10.0), P (50.0)

Standard 8 S (50.0), P (150.0)

Standard 9 S (100.0), P (200.0), Ca (250.0)

Standard 10 Ca (1000)

Standard 11 K (1000)

Standard 12 Na (1000)

Rinse and calibration blank solutions were prepared from
18 MΩ Milli-Q water with 0.5% HNO3 and 0.002% Triton X100. 

Sample Preparation
Solutions were prepared from samples supplied by the
Ministry of Agriculture and Fisheries (MAF), New Zealand and
SRM 8435 Whole Milk Powder. 

Milk powder suspensions containing 2% w/v were prepared
for all samples. The sample was accurately weighed and then
transferred into a volumetric flask. The flask was filled
approximately 3/4 full with 18 MΩ Milli-Q water and gently
shaken until the milk powder was evenly mixed. Triton X100
was added to give a concentration of 0.002%. Acid was not
added to the samples as it causes the precipitation of protein. 

The samples were made up to the mark and placed in an
ultrasonic bath for 5 minutes. The samples were then shaken
vigorously for 1 minute.

A separate rinse containing 0.002% v/v Triton X100 and no
acid was used for rinsing between samples.

Experimental

Instrumental
The Vista simultaneous ICP-OES axially viewed plasma was
used for the analysis. The Vista features a free running, air
cooled, 40 MHz RF generator and cooled cone interface. The
Vista’s optical system is based on an echelle polychromator
with Charged Coupled Device (CCD) detector. The polychro-
mator is thermostatted to 35 °C for stability, and the unique
CCD detector features 70,000 pixels (detectors) arranged to
exactly match the 2 dimensional echellogram. Sophisticated
design of the detector has resulted in a rapid readout with
excellent detection limits [4]. The instrument was controlled
by an IBM computer with an Intel Pentium processor and
Agilent’s Vista worksheet software running under Microsoft’s
Windows NT operating system.

In this work a Vista with manual gas pressure regulator was
used. Mass flow control of the nebulizer flow, which allows
the nebulizer gas flow to be automatically adjusted, is avail-
able as an option. This work took advantage of the third chan-
nel pump to add internal standard and ionization suppressant
on line.  The Vista instrument is available with either the two
or three channel pump option.

Table 1. Instrument Operating Conditions

Power 1.35 kW

Plasma gas flow 15.0 L/min

Auxiliary gas flow 1.5 L/min

Spray chamber type Sturman-Masters

Torch Standard axial torch with 2.3 mm id injector

Nebulizer V-groove

Nebulizer pressure 240 kPa

Pump tube Inlet PVC black-black

Outlet PVC, blue-blue, 1.65 mm id

Polychromator purge Boost (3.7 L/min)

Pump speed 15 rpm

Sample uptake rate 0.6 mL/min

Integration time 3 seconds

No. of replicates 3

Sample delay time 20 seconds

Fast pump On

Stabilization time 20 seconds

Background correction Fitted, 2 points/peak

To make sure that the milk powder sample was evenly mixed
and in suspension while being aspirated, the solution was
continuously stirred with a magnetic stirrer. Sodium and



3

Both caesium and scandium were used as internal standards
in the analysis. Caesium also acted as an ionization suppres-
sant. A bulk solution of 1% CsCl and scandium (0.5 mg/L)
and was added to all solutions via the third channel of the
peristaltic pump.

Results and Discussion

Milk Powder Analysis
The results presented in Tables 3–5 represent the concentra-
tions of constituent elements in the milk powder on a dry
weight basis. Previous work [2] had shown that the milk
powder samples typically have low moisture contents
and the samples were determined directly from the raw
material without drying.

Table 3. Analysis of Standard Reference Material, S.R.M. 8435

2.0% S.R.M. 8435 S.R.M. 8435
Wavelength whole milk powder certified value 

Element (nm) (ppm) (ppm)

Ba 493.408 0.72 ± 0.03 0.58 ± 0.23

Ca 373.690 8990 ± 340 9220 ± 490

K 404.721 12580 ± 210 13630 ± 470

Fe 238.204 1.07 ± 0.01 1.80 ± 1.1

Mg 285.213 838 ± 27 814 ± 76

Mn 257.610 0.17 ± 0.02 0.17 ± 0.05

Na 588.995 3810 ± 40 3560 ± 400

P 185.878 7400 ± 300 7800 ± 490

S 180.669 2320 ± 90 2650 ± 400

Sr 407.771 4.10 ± 0.20 4.35 ± 0.50

Zn 202.548 25.2 ± 0.9 28.0 ± 3.1

Table 4: Analysis of 2% Milk Powder

Wavelength 2.0% Milk powder
Element (nm) sample (wt%)

Ba 493.408 0.97

Ca 373.690 8909

K 404.721 11657

Fe 238.204 1.76

Mg 285.213 796

Mn 257.610 0.37

Na 588.995 3118

P 185.878 7729

S 180.669 2278

Sr 407.771 5.48

Zn 202.548 28.4

Table 5. Analysis of MAF#1

The “Known values” are values supplied by the New Zealand
Dairy Research Institute.

Wavelength 2.0% MAF#1 sample Known value
Element (nm) (ppm) (ppm)

Ba 493.408 3.24 ± 0.01 –

Ca 373.690 13750 ± 9 13274

K 404.721 15600 ± 120 17040

Fe 238.204 1.36 ± 0.04 2.0

Mn 257.610 0.310 ± 0.0001 –

Na 588.995 4000 ± 50 3490

P 185.878 10600 ± 140 9930

S 180.669 3280 ± 40 3280

Sr 407.771 3.99 ± 0.03 –

Zn 202.548 40.2 ± 0.8 37.33

Summary

The concentrations of various elements of both nutritional
and environmental interest in milk powder samples were
determined directly using the axially viewed Vista simultane-
ous ICP-OES. Aqueous calibration solutions were used and
the scandium and caesium internal standards successfully
corrected for the viscosity effects of the samples.

The addition of caesium as an ionization suppressant elimi-
nated ionization interferences and the need for dilution,
allowing both major and minor constituents to be measured
in a single solution. Both trace and major element concentra-
tions were able to be determined in the 2% w/v milk powder
samples, with less sensitive analytical lines chosen for the
elements present in the greatest concentrations, such as Ca.
This wavelength selection flexibility, provided by the optical
and detector design of the Vista, avoided the need to re-
measure samples using the less sensitive radial optical
configuration.

All measured values are in very good agreement with the cer-
tified values for the standard reference material, validating
the accuracy of the method.
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Rapid Gradient and Elevated
Temperature UHPLC of Flavonoids 
in Citrus Fruit

Abstract

Citrus fruits were analyzed by gradient UHPLC for naringin and other flavonoids.

Gradient reversed phase HPLC with long (150 mm) sub-2-µm columns is a powerful

technique for analyzing complex matrices with numerous analytes such as grapefruit

juice. Sufficiently flushing the column with strong solvent and re-equilibration with

weak solvent starting conditions is necessary but time consuming, possibly impinging

on overall lab productivity. An Agilent ZORBAX Rapid Resolution High Definition

(RRHD) Eclipse Plus C18, 2.1 mm × 150 mm, 1.8 µm column was able to resolve over

70 peaks in grapefruit juice in seven minutes. The column was then properly flushed

with strong solvent and re-equilibrated in the next three minutes by operating at a

high flow rate (0.8 mL/min). Orange and lime fruit were similarly analyzed.
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Introduction

Plant extracts such as lime juice and peel are ideal candi-
dates for gradient analysis due to the wide range of polarity of
the compounds found in the matrix; from hydrophilic small
organic acids (citric acid) and sugars (fructose) to moderately
polar polyphenols to the hydrophobic essential oil of lime. An
isocratic method cannot accommodate the wide range of
peak retention in a reasonable time whereas a gradient
method can.

Gradient profiles of plant extracts, or fingerprints, are often
used for identification, authentication and quality control.
Agilent ZORBAX Rapid Resolution High Definition (RRHD)
columns are designed for 1200 bar operation making them
ideal for fast or high-resolution gradient separations, and a
reliable tool for the food and herbal medicine industries. 

High resolution chromatographic profiles or fingerprints of three
types of citrus fruit were created using UHPLC conditions, high-
lighting several flavonoids. Citrus flavonoids are thought to
have health benefits, based on antioxidant activity. These bene-
fits include anticancer, antiviral, and anti-inflammatory proper-
ties. Some citrus flavonoids provide a bitter or sweet taste.

Gradient analyses often take longer than isocratic analyses
due to flushing and re-equilibrating the column. One way to
reduce analysis time is to increase the flow rate.The analyses
in this application note take advantage of high flow rates.

Experimental

An Agilent 1290 Infinity LC System comprised of the following
was used to obtain all data:

• Agilent 1290 Infinity Diode Array Detector (DAD) and 
10 mm, 1 µL Max-Light flow cell 

• Agilent 1290 Infinity Thermostatted Column Compartment
(TCC)

• Agilent 1290 Infinity Automatic Liquid Sampler (ALS) 

• Agilent 1290 Infinity Binary Pump with Jet Weaver V35
mixer 

UHPLC columns and chromatographic conditions were:

Columns: Agilent ZORBAX RRHD Eclipse Plus C18, 
2.1 mm × 150 mm, 1.8 µm p/n 959759-902
Agilent ZORBAX RRHD StableBond C18, 
2.1 mm × 150 mm, 1.8 µm p/n 859700-902

Mobile phase: Solvent A: Water (0.1% formic acid)
Solvent B: Acetonitrile (0.1% formic acid) 

Flow rate and gradient: 0.8 mL/min
Time %B
0 0
0.5 0
7 40
7.1 100
8.6 100
8.7 0
10 end

Column temperature: 40 °C or 90 °C
Detection: UV 276 nm, 4 nm, Ref. OFF
Injection volume: 1.0 µL

Samples
Rinds were peeled from the fruit flesh and promptly ground
with a food processor until grounds were about 
1–3 mm in diameter. Two hundred milligrams of ground rind
were then extracted with 10 mL MeOH (0.1% KOH) in an
ultrasonic bath for 10 min, then 0.45-µm syringe filtered. Fruit
flesh was hand squeezed and the collected juice was 0.45 µm
filtered with a 0.45 µm filter into amber autosampler vials.

Citrus flavonoid standards
The following standards included rutin, naringin, hesperidin,
quercetin, and naringenin. The calibration samples were
made by diluting standard stock solutions with water to the
10–1000 ppm range. Most of the standard stock solutions
were aqueous, but some were made in methanol/H2O due to
solubility issues. A chromatogram of the standard mixture
including the elution order of the flavonoids, and two 
calibration curves are shown in Figure 1.
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Results and Discussion

Higher mobile phase linear velocity (flow rate) using sub-
2-µm columns has less of an adverse effect on the height of a
theoretical plate (H) than larger particle columns allowing
faster flow without significant resolution loss (Figure 2). This
small loss in efficiency at high flow rate, an RRHD column
characteristic, is welcome in gradient analysis because an
increase in flow rate when holding k* constant, results in a
decrease in gradient time:

Equation 1: tG = k* Vm/F

Where
k* is the gradient retention factor
tG is the gradient time
F is the flow rate 
Vm is the column volume, assumed to be the same 

between the two columns

Increasing the number of column volumes per unit time (flow
rate) in gradient analysis also reduces the other gradient seg-
ments including the isocratic hold, strong solvent flush and
re-equilibration, and consequently reduces analysis time.

Narrow bore (2.1 mm id) columns are often used over larger
bore columns for their compatibility with MS detectors,
increased sensitivity, and reduced solvent usage.
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Figure 1. Chromatogram of the flavonoid standard mixture and calibration curves for naringin and hesperidin. Chromatographic conditions are listed
in experimental section.
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Figure 2 Plots of plate height versus velocity. Plate heights for sub-2-µm
columns remain relatively constant compared to larger particle
sized columns as mobile phase velocity (flow rate) increases.
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Conventional 2.1 mm × 150 mm columns packed with 5 µm
particles typically use flow rates of about 0.2 mL/min. The 
0.2 mL/min flow rate combined with the relatively large col-
umn size and extra column volume contributes to long analy-
sis times. For example, re-equilibrating the column to starting
conditions with four column volumes of mobile phase at 
starting conditions takes at least six min. This does not
include flushing out any delay volume (the volume of the flow
path from the gradient formation point to the head of the col-
umn). Column re-equilibration time is calculated from a 
number of column volumes divided by the flow rate:

Equation 2: n ( π r2 L (0.6)) / F = t
or for the 2.1 × 150 mm column 
(F = 0.2 mL/min) example 
4 (π 0.1052 15 (0.6)) / 0.2 = 6.3 min

Where:
n is the number of column volumes
r is column internal radius (cm)
L is column length (cm)
0.6 is the void fraction of the packed column 
F is the flow rate (mL/min) 
t is the re-equilibration time in minutes

Operating under UHPLC conditions, and using a faster flow
rate (0.8 mL/min.) with 1.8 µm particles, column re-equilibra-
tion time is only 1.6 min, which is four times faster. The gradi-
ent and pressure profiles, and column volumes are shown
graphically with a lime juice chromatogram in Figure 3. Only
four column volumes were necessary for re-equilibration. This

was proven by injecting samples repeatedly without any
change in k*, a, or resolution (Figure 4). 

In addition to the grapefruit, lime and orange extracts were
also analyzed with the method, each producing a distinct
chromatographic profile. Several flavonoids were identified
using retention time matching of standards as shown in
Figures 5,6,7. Hesperidin or Narginin were quantified using an

D

C

B
A

= 1 column void volume, Vm 

min0 2 4 6 8

Norm.

0

200

400

600

800

Gradient profilePressure profile

Hesperidin

Figure 3. UHPLC of grapefruit juice with pressure and gradient profiles, and
column volumes needed for re-equilibration. Segments of the gra-
dient include A: initial isocratic hold, B: linear elution ramp, C:
strong solvent column flush, D: re-equilibration.
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LC: Agilent 1290 Infinity LC with DAD
Column:  Agilent RRHD SB-C18
 2.1 mm × 150 mm, 1.8 µm
Injection: 1 µL of 0.45 µm filtered grapefruit juice
Temperature: 40 °C
Detection: UV, 276 nm
Solvent A: Water
Solvent B: Acetonitrile
Sample: Grapefruit juice 
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7 40 0.8
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8.6 100 0.8
8.7 0 0.8
10 0 0.8 

Figure 4. Overlay of six analyses with no variability in retention, selectivity or resolution, indicating sufficient column flushing and re-equilibration.
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Figure 5. UHPLC fingerprint of orange juice and rind analyzed by an Agilent ZORBAX RRHD Eclipse Plus C18, 2.1 mm × 150 mm (p/n 959759-902).
Chromatographic conditions are listed in experimental section.
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Figure 6. UHPLC fingerprint of grapefruit juice and rind analyzed by an Agilent ZORBAX RRHD Eclipse Plus C18, 2.1 mm × 150 mm (p/n 959759-902).
Chromatographic conditions are listed in experimental section.
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external standard six point calibration curve and concentra-
tions listed in the figures. A subsection of the orange juice
chromatogram is expanded to more clearly show the number
of compounds present in the sample. 

When using 2.1 mm × 150 mm RRHD columns, the high flow
rate mitigates the additional analysis time inherent in gradient
methods associated with isocratic holds, strong solvent flush-
ing and re-equilibration. Sensitivity gains from narrower peaks
however, are still preserved. Figure 8 indicates signal-to-noise
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Figure 7. UHPLC fingerprint of lime juice and rind analyzed by an Agilent ZORBAX RRHD Eclipse Plus C18, 2.1 mm × 150 mm (p/n 959759-902).
Chromatographic conditions are listed in experimental section.
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Figure 8. Signal-to-noise comparison of 5 and 1.8 µm Agilent ZORBAX Eclipse Plus C18 columns, 2.1 mm × 150 mm using a 1 ppm each quercetin and
naringenin standard. Chromatographic conditions are listed in the experimental section.
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ratios of an Agilent ZORBAX RRHD Eclipse Plus C18 2.1 mm ×
150 mm, 1.8 µm column is 50% to 60% greater compared to
an Agilent ZORBAX Eclipse Plus C18, 2.1 mm × 150 mm, 5 µm
column. The limit of quantification of quercetin is 1 ppm for
the 5 µm column, and 0.5 ppm for the RRHD column. 

Narrower peaks were achieved by using a faster flow rate.
The temperature was raised to lower mobile phase viscosity,
and the Eclipse Plus C18 phase was replaced with
StableBond-C18 to withstand the extreme temperature. The
temperature limit of the SB-C18 column is 90 °C, while the

Peak 

min1 2 3 4 5 6

Peak widths 0.02 min

Hesperidin
Peak width 0.02 min 

Hesperidin
Peak width 0.01 min 

Peak widths
0.01 min 

1
2 3

4

1 2 3

4

Column: Agilent ZORBAX RRHD SB-C18, 2.1 mm × 150 mm
Column temperature: 40 °C
Flow rate: 0.8 mL/min
Maximum pressure: 935 Bar

Column: Agilent ZORBAX RRHD SB-C18, 2.1 mm × 150 mm
Column temperature: 90 °C
Flow rate: 1.5 mL/min
Maximum pressure: 990 Bar

1 2 3 4 5 6 min

Figure 9. UHPLC of lime juice including high temperature and faster flow rates further reduce analysis time using an Agilent ZORBAX RRHD SB-C18 column.
Chromatographic conditions listed in experimental section.

temperature limit of the Eclipse Plus C18 column is 60 °C. The
flow rate could be increased to 1.5 mL/min at 90 °C. Gradient
times were decreased by a factor of 1.875 to maintain k* for
the flow rate change:

Equation 3: k*= (tG × F) ÷ Vm 

The 90 °C temperature, and 1.5 mL/min. rate produced 
0.01 min wide peak widths at half height, which is half as
wide as the 40 °C method. It also reduced analysis time pro-
portionally to 5.3 minutes (Figure 9). RRHD column rugged-
ness allows these columns to operate at pressures up to 1200
bar, making them a perfect fit for the Agilent 1290 Infinity LC
system. All RRHD columns can be used with other UHPLCs,
however, the flow rate must be adjusted downward to allow
pressure (or flow rate) to be in the operating range of the
other vendor's UHPLC.
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Conclusion

Complex natural products such as fruit juices and their rinds
were separated into their many components in a relatively
short time using gradient elution, high flow rate, and long
(150 mm) highly efficient RRHD Eclipse Plus sub-2-µm
columns on a UHPLC system – the Agilent 1290 Infinity LC
system. 

The benefit of the long column length allows challenging sep-
arations to be accomplished with high resolution and moder-
ate analysis times. The benefit of 1.8 µm particles is that
higher mobile phase flow rates can be used with little loss in
efficiency. Detection sensitivity also is intrinsically gained
when converting from larger particle columns to 1.8 µm
columns. Higher temperature decreased mobile phase viscos-
ity, permitting an even higher flow rate and consequently an
even faster analysis.  

Agilent’s ZORBAX RRHD columns are ideal for fast or high-
resolution gradient separations. They contain 1.8 µm particles
for high resolution and are designed for stability up to 1200
bar for high flow rates on the Agilent 1290 Infinity LC system
or other vendor UHPLC’s. 

For More Information

For more information on our products and services, visit our
Web site at www.agilent.com/chem.
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Introduction

The analysis of milk is important because milk is an indicator of environmental cont-
amination, a significant pathway for toxic metal intake by humans and a source of
essential nutrients. Previously, milk liquid and milk powder analysis was carried out
using flame and graphite furnace atomic absorption spectrometry and even anodic
stripping voltammetry [1]. Inductively coupled plasma atomic emission spectrometry
(ICP-OES) and inductively coupled plasma mass spectrometry (ICP-MS) are now
preferred for routine determinations because of the rapid multi-element analysis
capabilities of these techniques.

Generally, milk samples are prepared by either wet digestion or dry ashing [1-5].
These are time consuming and involve procedures using potentially hazardous
chemicals. Direct slurry nebulization combined with standard additions calibration
has also been reported for ICP-MS with varying success [5,6]. The accuracy of stan-
dard additions is greatly influenced by calibration linearity and the presence of spec-
tral interference.  The ICP-MS technique has the advantage of sensitivity but is
unable to analyzse high dissolved solid contents for long periods of time and the
instrumentation is more expensive than ICP-OES.

This work describes the direct analysis of milk powder using standard quantitative
calibration  with aqueous standards. Viscosity effects of the milk powder solutions
are corrected for using scandium (361.384 nm—ionic line) as an internal standard.
Major, minor and trace elements were determined in a single analysis. Less sensi-
tive lines are used for the determination of major elements allowing both major and
minor elements to be determined from a single sample solution.

Many of the major constituents in milk powder such as Na, K and Ca are easily ion-
ized elements (EIE) that have been reported to cause ionization interferences.
Ionization interferences tend to cause a reduction in signal intensity with increasing
concentration of EIE and the effect is prominent at interferent concentrations at or
above 100 mg/L. The atomic lines of  Na and, K, and to a lesser extent Ca
(422.673 nm) and Li, exhibit signal enhancement with increasing concentrations of
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Table 1: Instrument Operating Conditions

Power 1.30 kW

Plasma gas flow 15.0 L/min

Auxiliary gas flow 1.5 L/min

Spray chamber type Sturman- Masters

Torch Standard axial torch with 2.3 mm id injector

Nebulizer V-groove

Nebulizer pressure 240 kPa

Pump tube Inlet - PVC grey-grey, 1.30 mm id

Outlet - PVC, blue-blue, 1.65 mm id

Pump speedrate 15 rpm

Sample uptake rate 1.5 mL/min

Integration time 1 second for Ca, K, Mg, Na, P, S and Sr

3 seconds for Ba, Fe, Mn, Zn and Sc

No. of replicates 3

Sample delay time 25 seconds

Fast pump On

Stabilization time 20 seconds

Background correction Polynomial plotted background

PMT voltage 600 V

For the determination of sulfur, an Auxiliary Gas Module-2
(AGM-2) is required. The AGM provides a nitrogen purge for
the monochromator to extend the working wavelength range
from 189 nm down to 175 nm. 

To make sure that the milk powder sample was evenly mixed
and in suspension while being aspirated, the solution was
continuously stirred with a magnetic stirrer.

Standard Preparation
Aqueous standards were prepared from Custom-Grade Multi-
element Solutions Var Cal 1, Var Cal 2 and Var Majors 1
(Inorganic Ventures, Inc.) and from 1000 mg/L single element
standards (Spectrosol, BDH Chemicals). The standards were
made up in 18 MW Milli-Q water with 0.5% v/v HNO3 and
0.002% v/v Triton X100 prepared from a 1% w/v Triton X100
solution. Scandium was added to each solution as an internal
standard with a final concentration of 0.5 mg/L.

The following calibration standards were prepared.

EIE. The effect can be easily minimized or eliminated on a
radially-viewed ICP-OES by adjusting the viewing height. For
the more sensitive axially-viewed ICP-OES, many reports of
interferences due to EIE have been described [7,8]. In one
report,  scandium used as an internal standard was found to
compensate for part of the signal depression [8]. Ionization
interferences on the axially-viewed plasma have been found
to be reduced by lowering the nebulizer pressure and increas-
ing the power. Increasing the power increases the electron
density in the plasma thus reducing the effect of electrons
contributed by the EIE. Generally, when analyzsing samples
that contain high levels of EIE, it is recommended that all
standards have similar levels of EIE added (matrix matching). 

An alternative is to saturate the plasma with a high concentra-
tion of another EIE such as caesium. Therefore, the effect of
adding caesium as an ionization suppressant to the standards
and samples was also investigated.

The accuracy and validity of the method was assessed by the
use of National Institute of Standards and Technology (NIST)
Standard Reference Material (SRM) 8435 Whole Milk Powder.

Experimental

Instrumental
An Agilent Liberty Series II ICP-OES with the axially-viewed
plasma was used for the analysis. 

The Liberty Series II ICP features a 40 MHz free running RF
generator, a 0.75 m Czerny-Turner monochromator with a
1800 grooves/mm holographic grating used in up to four
orders. The resolution of the optical system ranges from
0.018 nm in the 1st order to 0.006 nm in the 4th order. 

The instrument was controlled with a Digital Equipment
Corporation (DEC) Venturis computer with an Intel Pentium
processor and Agilent’s Plasma 96 software running under
Microsoft’s Windows 95 operating system.

The instrument operating conditions are listed in Table 1.
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Table 2. Calibration Standards

Standard Concentration (mg/L) Elements

Standard 1 0.2 Ba, Mn, Zn, Sr

Standard 2 1.0 Ba, Mn, Zn, Sr, Fe

Standard 3 5.0 Mg, Fe

Standard 4 25 Mg, Na, Ca

Standard 5 100 Na, Ca, K

Standard 6 200 K

Standard 7 13.350 and 32.614 S and P, respectively

Standard 8 66.752 S

Standard 9 163.069 P

Rinse and calibration blank solutions were prepared from 
18 MW Milli-Q  water with 0.5% HNO3 and 0.002% Triton
X100. 

Sample Preparation
Solutions were prepared from an instant full cream milk
powder sample purchased at a local supermarket and 
SRM 8435 Whole Milk Powder. 

Milk powder solutions containing 0.5% and 4% w/v were pre-
pared for both samples. The sample was accurately weighed
and then transferred into a volumetric flask. The flask was
filled approximately 3/4 full with 18MW Milli-Q water and
gently shaken until the milk powder was evenly mixed. Triton
X100 was added to give a concentration of 0.002%. Acid was not
added to the sample solutions as it causes the precipitation of
protein. Scandium (0.5 mg/L) was added as an internal standard. 

The scandium bulk standard was stabilized with acid and it
was necessary to dilute the scandium by preparing a sec-
ondary standard before adding it to the milk powder solutions
because even a small concentration of acid will cause the
precipitation of protein. Adding dilute ammonia solution to
the samples to adjust the pH to 7.5 [6] can overcome this
problem, but it was not required in this case.

The solutions were made up to the mark and placed in an
ultrasonic bath for 5 minutes. The solutions were then shaken
vigorously for 1 minute.

A separate rinse containing 0.002% v/v Triton X100 and no
acid was used for rinsing between samples.

For the study of the effect of the addition of an ionization sup-
pressant, 1% w/v Cs as CsCl  was added to all sample, stan-
dard and rinse solutions. Caesium was chosen as an ioniza-
tion suppressant as it has a low energy of ionization, is not
very sensitive by ICP-OES and, therefore, spectral interference
is generally not a problem. Caesium chloride is available in a
very pure form and does not build up in the torch injector tube
as readily as other alkali salts. 

Results and Discussion

Milk Powder Analysis
The results presented in Tables 3–6 represent the concentra-
tions of constituent elements in the milk powder on a dry
weight basis. Moisture content in the two milk powder sam-
ples was determined by accurately weighing the undried sam-
ples and then reweighing the samples after drying in an air
oven for 4 hours at 85 °C. Moisture content was small and
represented only 1.3% and 1.9% of the total weight for the full
cream milk powder sample and NIST SRM 8435, respectively.

The mean results of the triplicate analyses for the determina-
tion of major constituent elements in milk powder without the
addition of 1% w/v Cs are listed in Table 3. 

The mean results of the triplicate analyses for the determina-
tion of minor and trace constituent elements in milk powder
without the addition of 1% w/v Cs are listed in Table 4.

The mean results of the triplicate analyses for the determina-
tion of major constituent elements in milk powder with the
addition of 1% w/v Cs are listed in Table 5. 

The mean results of the triplicate analyses for the determina-
tion of minor and trace constituent elements in milk powder
with the addition of 1% w/v Cs are listed in Table 6.

The effect of ionization interference from the EIE can be seen
for K and Sr and to a smaller extent Ca, in Tables 3 and 4.
Ionic lines were used for Ca and Sr and signal suppression for
these lines was evident as a value lower than the certified
value was found. With the addition of Cs to all solutions,
Tables 5 and 6, a value very close to the certified value was
found for both lines.

For K, without the addition of Cs, a lower than expected result
was found. This is unexpected because signal enhancement
is usually observed for K. An explanation for this could be that
standard 5 contained reasonably high levels of other EIE and
therefore the signal enhancement for K in standard 5 was
higher than that for the sample. The sample was remeasured
for K using separate standards for K. The measured K concen-
trations for the full cream milk powder sample and SRM 8435
Whole Milk Powder were 1.14 and 1.26 wt%, respectively.
These results are closer to the certified value for the SRM,
but are still unexpectedly lower. With the addition of Cs, the
result for K was very close to the certified value.

Na was also expected to be affected by the presence of other
EIE but this was not evident in this analysis. This is probably
due to the presence of other EIE’s in both the standards and
samples.
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The remaining elements did not appear to be greatly affected by
the EIE because much of the signal depression was corrected by
the internal standard.

For the 4% milk powder solutions without added Cs, EIE con-
centration was approximately 1000 mg/L and ionization inter-

ference is reportedly [8] quite significant at these levels.
Despite this, results very close to the certified values were
found for Ba, Fe and Mn. This suggests the internal standard
not only successfully corrected for the different viscosity of
the samples but also corrected for ionization interference for
these elements.

Table 3. Major Elements in Milk Powder Without the Addition of Caesium

Element Wavelength (nm) 0.5% Milk powder sample (wt%) 0.5%S.R.M. 8435 Whole milk powder (wt%) S.R.M. 8435 Certified value (wt%)

Ca 315.887 0.849 ± 0.033 0.876 ± 0.008 0.922 ± 0.049

K 769.896 0.844 ± 0.044 0.975 ± 0.020 1.363 ± 0.047

Na 588.995 0.277 ± 0.010 0.376 ± 0.004 0.356 ± 0.040

P 213.618 0.761 ± 0.031 0.784 ± 0.019 0.780 ± 0.049

S 180.731 0.263 ± 0.019 0.268 ± 0.006 0.265 ± 0.035

Table 4. Minor and Trace Elements in Milk Powder Without the Addition of Caesium

0.5% S.R.M.  (mg/kg) 4% S.R.M. S.R.M. 8435 
0.5% Milk powder 4% Milk powder 8435 Whole milk 8435 Whole milk Certified value

Element Wavelength (nm) sample (mg/kg) sample (mg/kg) powder (mg/kg) powder (mg/kg) (mg/kg)

Mg 285.213 754 ± 23 808 ± 22 814 ± 76

Sr 407.771 4.65 ± 0.04 3.77 ± 0.03 4.35 ± 0.50

Zn 213.856 27.5 ± 1.5 25.5 ± 0.8 28.0 ± 3.1

Ba 455.403 0.70 ± 0.03 0.57 ± 0.02 0.58 ± 0.23

Fe 259.940 2.30 ± 0.05 1.70 ± 0.03 1.8 ± 1.1

Mn 257.610 0.242 ± 0.001 0.151 ± 0.004 0.17 ± 0.05

Table 5. Major Elements in Milk Powder With the Addition of 1% (w/v) Caesium

Element Wavelength (nm) 0.5% Milk powder sample (wt%) 0.5%S.R.M. 8435 Whole milk powder (wt%) S.R.M. 8435 Certified value (wt%)

Ca 315.887 0.931 ± 0.019 0.899 ± 0.021 0.922 ± 0.049

K 769.896 1.304 ± 0.032 1.397 ± 0.024 1.363 ± 0.047

Na 588.995 0.298 ± 0.004 0.378 ± 0.004 0.356 ± 0.040

Na 330.237 0.280  ± 0.004 0.360 ± 0.007 0.356 ± 0.040

P 213.618 0.775 ± 0.017 0.758 ± 0.004 0.780 ± 0.049

S 180.731 0.252 ± 0.007 0.254 ± 0.006 0.265 ± 0.035

Table 6. Minor and Trace Elements in Milk Powder With the Addition of 1% (w/v) Caesium

0.5% S.R.M.  (mg/kg) 4% S.R.M. S.R.M. 8435 
0.5% Milk powder 4% Milk powder 8435 Whole milk 8435 Whole milk Certified value

Element Wavelength (nm) sample (mg/kg) sample (mg/kg) powder (mg/kg) powder (mg/kg) (mg/kg)

Mg 285.213 761 ± 14 775 ± 13 814 ± 76

Sr 407.771 5.53 ± 0.05 4.40 ± 0.07 4.35 ± 0.50

Zn 213.856 30.0  0.7 26.3 ± 0.5 28.0 ± 3.1

Ba 455.403 0.79 ± 0.02 0.62 ± 0.01 0.58 ± 0.23

Fe 259.940 2.23 ± 0.07 1.76 ± 0.06 1.8 ± 1.1

Mn 257.610 0.269 ± 0.004 0.167 ± 0.007 0.17 ± 0.05
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Long Term Stability

The long term stability was determined for the most concentrated
milk powder solution to show that good stability can be obtained
over a reasonable period of time for a solution containing a high
content of dissolved and undissolved solids. The effect of internal
standardization on long term stability was also studied.

Long term stability was evaluated by continuously aspirating
4% instant full cream milk powder solution over a period of
time. A one minute rinse was performed at the maximum
pump rate of 50 rpm (fast pump) between measurements.

The precision of the measurements over one and a half hours with
internal standardization correction ranged from 1.2 and 2.0 %RSD. 

The long term stability plots for major constituents Ca and Mg
and minor constituents Ba, Mn and Sr with and without internal
standardization are displayed in Figures 1 and 2, respectively.

Figure 2. Signal stability over one and a half hours for a 4% full cream milk
powder solution without internal standardization.

Figure 1. Signal stability over one and a half hours for a 4% full cream milk
powder solution with internal standardization.

After the milk powder solution had been aspirated for over
one and a half hours, the injector tube showed signs of block-
age due to deposition of the milk powder. Figure 2 shows the
effect of the build up of milk powder on the signal. Not only
does the internal standard correct for viscosity effects and
some ionization interferences, from Figure 1 it can be seen
that it is also very effective in compensating for drift caused
by the gradual build up of milk powder in the injector tube of
the torch.

Five replicates were measured at an integration time of three
seconds for each line. The precision for each measurement
ranged from 0.1 to 1.6 %RSD for the major constituent ele-
ments and 0.2 to 3.0 %RSD for minor and trace constituent
elements.

Sample Delay and Stabilization Times
When differing matrices are aspirated into a spray chamber,
some time must be allowed so that the solution can reach the
plasma and for the signal to stabilize. The time required to
allow the system to stabilize when switching from aqueous
solutions to the milk powder solutions was studied.

This was evaluated by firstly aspirating the rinse solution fol-
lowed by a 4% full cream milk powder solution. The pump
speed was set to 50 rpm (fast pump speed), which is the
pump rate used during the sample delay stage, and the signal
was monitored for Sc.

A plot of the signal over a short period of time is displayed in
Figure 3.

Figure 3. Stabilization profile for a 4% full cream milk powder solution.
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When switching from the rinse solution to the 4% milk
powder solution, the signal was found to stabilize after 
20–25 seconds. Therefore, for the analysis of the milk powder
solutions, a sample delay time of 25 seconds was used. The
stabilization time was set to 20 seconds. The stabilization
time is the time allowed for the pump to slow down from full
speed to the analysis pump speed—in this case, 15 rpm.

It was observed that the presence of Triton X100 detergent,
which is often used for slurry nebulization to help keep the
sample in suspension, greatly reduced the stabilization time.

Summary

The concentrations of various elements of both nutritional and
environmental interest in milk powder samples were deter-
mined on the Liberty Series II with the axially-viewed plasma. 

Aqueous calibration solutions were used and the scandium
internal standard successfully corrected for the viscosity
effects of the samples, improved the long term stability of the
analysis and corrected for some ionization interferences due
to the high levels of EIE.

The time required for the system to stabilize after switching
from aqueous solutions to the milk powder solutions was
found to be very short.

The addition of caesium as an ionization suppressant eliminated
ionization interferences and the need for dilution, allowing both
major and minor constituents to be measured in a single solu-
tion. For the determination of trace elements such as strontium
where a more concentrated milk powder solution is required, the
addition of caesium becomes an important factor.

With the addition of 1% caesium, all measured values are in
very good agreement with the certified values for the standard
reference material, validating the accuracy of the method.
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Abstract 

The separation of synthetic pyrethroids, cis- and trans-
permethrin, and the synergist piperonyl butoxide in sham-
poo and lotion was easily accomplished by dilution,
filtration, and injection into a ZORBAX Eclipse XDB-C18
RPC HPLC column. All components could be separated to
baseline with symmetrical peaks using a water-methanol
isocratic mobile phase.

HPLC Determination of Synthetic
Pyrethroid Insecticides in Shampoos and
Lotions

Application 

Introduction

Permethrin (Figures 1A and 1B) is a pyrethroid
insecticide that is a chlorinated, synthetic form of
pyrethrum, a popular natural insecticide derived
from chrysanthemum flowers. Permethrin has
multiple uses as an insecticide in household insect
foggers, tick and flea spray for yards and pets, as a
spray for agricultural and livestock products, and
for mosquito abatement. When combined with
piperonyl butoxide (Figure 1C), a synergist that is
used to enhance the affect of a wide variety of
insecticides, permethrin formulations are widely
used to combat head-lice and are available in the
form of a liquid, gel, or shampoo. Recently, the
increase of opportunistic infections in HIV-infected
patients, like scabies, has lead to an increasing
interest in formulations of these substances for
therapy. Thus, the analysis of permethrin and it's
synergist, piperonyl butoxide (PBO), is important
at the formulation level as well as the trace level. 

Environmental, Consumer Products
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Figure 1. Chemical structures for cis-permethrin (A), 
trans-permethrin (B), and piperonyl butoxide (C)

Chemical Properties

Permethrin has two diastereomers that possess
different chemical, physical, and toxicological
properties. Both permethrin and PBO are rather
hydrophobic and have no polar functional groups.
They are very insoluble in water but soluble with
water-miscible organic solvents. They can be sepa-
rated by reversed phase chromatography (RPC)
without the use of buffers. Depending on the
matrix, however, pH control could be useful to
resolve matrix components from the insecticides.

Chromatographic Method and Application

In the present example, the analysis of these com-
pounds in shampoo and lotion presented no
unusual matrix effects, so sample preparation
merely involved dilution of the sample with
methanol, followed by filtration through a 0.45-µm
membrane filter, and injection into the HPLC
column. Figure 2 shows the RPC separation of the
three standards; all three compounds are well sep-
arated isocratically on a 4.6 × 150-mm ZORBAX
Eclipse XDB-C18 column with 3.5-µm particles,
operated at 35 °C. Using a water-methanol mobile
phase, peaks were quite symmetrical and the sepa-
ration time was just over 6 minutes. A diode array
detector (DAD) was used at 272 nm for detection.
Small amounts of unidentified impurities are
observed in Figure 2. Experimental conditions are
listed in Table 1.
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Figure 2. Chromatogram of permethrin and piperonyl butoxide standards.
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Table 1. Experimental Conditions

Instrument: Agilent Series 1100

Column: ZORBAX Eclipse XDB-C18, 4.6- × 150-mm, 3.5-µm 

Mobile phase: Water-Methanol (10:90 V/V) (G1311A, Quaternary pump)

Flow rate: 1 mL/min

Temperature: 35 °C (G1316A Column Oven)

Detector: Series 1100 Diode Array Detector (DAD) (G1315A), 
272 nm (10): Ref. 360 nm (100)

Injection volume: 20 µL

Standards: Permethrin = 0.064 mg/mL; PBO = 0.24 mg/mL 

Preparation of standards: Dissolve 40 mg of each permethrin and 120 mg piperonyl
butoxide in 100-mL methanol. Dilute 4 mL to 25 mL with
methanol.

Preparation of samples: Dissolve 160 mg of either shampoo or lotion in 25-mL
methanol followed by filtration through a 0.45-µm 
membrane filter.

The HPLC chromatogram of a diluted and filtered
sample of lotion containing the permethrin cis-
and trans-diastereomers and the PBO is shown in
Figure 3. The chromatogram is rather clean, with
only a small additional unknown peak eluting
shortly after the void volume (1.4 min). A shampoo
extract, shown in Figure 4, revealed the presence
of another compound eluting after the PBO, and
some enhanced level of lightly retained compounds
just after the void volume.
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Figure 3. Determination of permethrin and piperonyl butoxide in lotion.
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Conclusions

The separation of synthetic pyrethroids, cis- and
trans-permethrin, and the synergist PBO in sham-
poo and lotion was easily carried out by dilution,
filtration, and injection into a C18 RPC HPLC
column. All components could be separated to
baseline with symmetrical peaks using a 
water-methanol isocratic mobile phase.

For More Information

For more information on our products and services,
visit our Web site at www.agilent.com/chem.
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Figure 4. Determination of permethrin and piperonyl butoxide in shampoo.
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