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Test Matrices

The method was validated using an aliquot of an internal 
quality control soybean seed sample. 

Procedures

Diluted sample solutions were analyzed by HPLC-UV.  A linear mobile phase 
gradient program  (Table 1) and flow rate of 0.75 mL/minute was used to elute 
beta-carotene from the carotenoid column.  The run time was 25 minutes per 
injection.  The expected retention time for beta-carotene was 16.7 minutes.  The 
column was held at 30C.  The injection volume for sample and calibration standard 
solutions was 10 µL. Representative HPLC-UV chromatograms appear in Figures 
1a-c.

Procedures

Soybean samples were ground with dry ice using a Retsch centrifugal grinder 
equipped with a 0.75 mm screen.  Samples were stored frozen at -20ºC.  Sub-
samples (2.5 g) of soybean seed were weighed into disposable 50 mL amber 
centrifuge tubes. Acetone:hexane solution (40:60 v/v) with TBHQ, 15 mL, was 
transferred to each tube. The tubes were placed on an orbital shaker set at 300 
RPM for at least 30 minutes. The tubes were centrifuged for 10 minutes at 3000 
RPM.  The extract was carefully decanted into a 25 mL volumetric flask. 
Acetone:hexane solution (40:60 v/v) with TBHQ, 10 mL, was transferred to each 
tube. The tubes were placed on an orbital shaker set at 300 RPM for at least 30 
minutes. The tubes were centrifuged for 10 minutes at 3000 RPM. Extract was 
carefully decanted into the same 25 mL volumetric flask and brought to volume with 
40:60 v/v acetone:hexane solution with TBHQ and mixed. Samples were filtered 
using a 3 mL disposable syringe and 0.2 µm Nylon syringe filter into an amber 
autosampler vial. Samples were stored refrigerated if not analyzed the same day.

Table 1.  Mobile Phase Gradient Program

Time (min.) %A %B
0.00 95 5
10.0 95 5
11.0 60 40
19.9 60 40
20.0 95 5
25.0 95 5

A:  4:96 DI Water:Methanol B:  5:95 Methanol:MTBE

The HPLC-UV system was calibrated by analysis of external calibration standard 
solutions ranging from 0.00450 to 0.450 µg/mL. Typically, six calibration 
standards, injected in duplicate, were analyzed with each set of sample solutions.  A 
linear regression plot of the peak area (y-axis) and the standard solution 
concentration in units of µg/mL (x-axis) was constructed. Atlas version 8.3 was used 
to collect the chromatographic data, construct calibration curves and calculate 
sample solution concentrations.

Results/Discussion

Ten replicate sub-samples of soybean seed were analyzed to determine 
the precision of the developed method via calculation of the relative 
standard deviation (RSD). Sample beta-carotene concentrations were 
expressed in units of mg/kg dry weight basis (DB). The mean (n=10) beta-
carotene content was 0.127 mg/kg DB. Values ranged from 0.112 to 
0.139 mg/kg DB. The RSD was 8.14%. (Table 2).

Table 2.  Summary of Unfortified Sample Analysis Results (Precision 
Assessment)

For accuracy determination, three replicate sub-samples were fortified with beta-
carotene. The mean recovery was 84.5%. (Table 3).   Recovery values ranged from 
77.1 to 90.7%. 

Matrix
Mean (n=10)
(mg/kg DB)

Std. Dev. RSD (%)

Soybean Seed 0.127 0.0103 8.14

Table 3.  Summary of Beta-Carotene Recoveries

The linear working range for beta-carotene was established by the analysis of 
external standard solutions.  An optimum linear range of 0.00450 to 0.450 µg/mL
was established (Figure 2).  Calibration plots consistently yielded a coefficient of 
determination (r2) value of 0.995 or greater.    

The limit of quantitation (LOQ) was determined by signal to noise measurements of 
calibration standards analyzed over the course of the research. The method LOQ 
was estimated at 0.05 mg/kg for a 10 µL HPLC injection.   

Matrix
Fortification 

Level (mg/kg DB)
Mean (n=3)

Recovery (%)
Soybean Seed 0.54 84.5

Abstract

Beta-carotene (provitamin A) is a strongly colored red pigment occurring in plants.  It is 
enzymatically converted to retinol (vitamin A) in the small intestine.  Although not considered a 
significant source of beta-carotene, soybean seed (Glycine max) contains measurable levels of this 
carotenoid.  Therefore, regulatory bodies require quantitative analysis of beta-carotene in 
substantial equivalency studies with genetically modified (GM) soybean. An HPLC assay was 
developed and validated for routine analysis of GM soybean samples.  Ground seed was 
extracted with a hexane:acetone (60:40 v/v) solution.  A C30 bonded-phase HPLC column (150 
mm x 3 mm x 3 µm) was employed for the chromatographic separation.  Purification of the 
hexane:acetone extracts was not necessary due to the high capacity and resolving power of the 
C30 column.  Assay precision was 8% (relative standard deviation).  Accuracy, as determined by 
spiking recovery, was 85%. The validated method is rapid, sensitive and replaces a labor-
intensive spectrophotometric procedure previously used in our facility.

The chemical structure of Beta-Carotene (provitamin A): 

 Acetone, HPLC Grade, EMD, Billerica, MA

 Hexane, HPLC Grade, EMD, Billerica, MA

 Isopropyl Alcohol (IPA), HPLC Grade, EMD, Billerica, MA

 Methanol, HPLC Grade, EMD, Billerica, MA

 Methyl Tert-Butyl Ether (MTBE), HPLC Grade, Fisher, Fair Lawn, NJ

 Magnesium Carbonate (MgCO3), Fisher, Fair Lawn, NJ

 Deionized (DI) Water, as delivered by the Barnstead NANOpure system or equivalent

 Tert-butylhydroquinone (TBHQ), Sigma-Aldrich, St. Louis, MO     
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Objective

To validate an analytical method for the determination of beta-
carotene (provitamin A) in soybean seed.

Solution Preparations

 10:90 Acetone:Hexane with TBHQ 
Weigh approximately 0.4 g of  TBHQ and transfer to a 1 L volumetric flask. Add 100 
mL of acetone and dilute to volume with hexane. Store ambient.

 40:60 Acetone:Hexane with TBHQ 
Weigh approximately 0.4 g of  TBHQ and transfer to a 1 L volumetric flask. Add 400 
mL of acetone and dilute to volume with hexane. Store ambient.

 5:95 Methanol: Methyl -Tert Butyl Ether (MTBE) (Mobile Phase)
Using a graduated cylinder, transfer 50 mL of Methanol into a 1 L volumetric flask. 
Dilute to volume with MTBE. Store ambient.

 4:96 DI Water: Methanol (Mobile Phase) 
Using a graduated cylinder, transfer 40 mL of DI water into a 1L volumetric flask. Dilute 
to volume with methanol. Store ambient.

 0.04% TBHQ in IPA
Weigh approximately 0.4 g of TBHQ and transfer to a 1 L volumetric flask. Dilute to 
volume with IPA. Store ambient

Standard Preparations

Beta-carotene analytical standard was obtained from Sigma-Aldrich, St. 
Louis, MO.  A stock solution was prepared at a concentration of 500 
µg/mL beta-carotene in 10:90 Acetone:Hexane with Tert-
butylhydroquinone (TBHQ) and sonicated in a beaker of ice to dissolve 
reference material.  A working standard solution was prepared in 0.04% 
TBHQ in Isopropyl Alcohol (IPA) by dilution of the stock standard to 
achieve a concentration of 5.0 µg/mL beta-carotene.  Serial dilutions of 
the 5.0 µg/mL working standard solution in 0.04% TBHQ in IPA were 
prepared to produce instrument calibration standards ranging in 
concentration from 0.00450 to 0.450 µg/mL. All beta-carotene 
standard solutions were stored in a refrigerator (approximately 4ºC).  

Equipment

 Balances, 0.1 and 1 mg accuracy, Mettler-Toledo, Models 
XP6035 and XP204, Columbus, OH

 Class A volumetric glassware, including actinic
 HPLC with UV Detector, Waters Corporation, Alliance 2695 and 

2487, Milford, MA
 Amber autosampler vials and storage bottles, VWR, Batavia, IL
 50 mL disposable amber centrifuge tubes, Argos Technologies, 

Elgin, IL
 Pasteur pipettes
 Graduated cylinders
 Bottle top dispenser

Equipment

 Adjustable pipetter
 Retsch Centrifugal Grinder with 0.75 mm screen, Hahn, Germany
 Centrifuge, Eppendorf 5810, Hauppauge, NY
 Orbital shaker
 Sonicator, Mettler Electronics, Cavitator, Anaheim, CA
 Weigh boat or weigh paper
 Nylon syringe filter 0.2 µm (25 mm), VWR, PALL, Batavia, IL
 3 mL disposable syringes, VWR, B&D, Batavia, IL
 Column: YMC Carotenoid C30, 3 micron, 150 x 3.0 mm, or 

equivalent, YMC, Allentown, PA

An analytical method for the determination of beta-carotene 
in soybean seed was successfully validated.  The method 
demonstrated acceptable accuracy, precision, linear range, 
and sensitivity. A method LOQ of 0.05 mg/kg was estimated 
based on instrument signal to noise measurements. The 
validated method is used routinely to provide nutritional and 
compositional data to support the registration of GM crops. 

Conclusions Figure 1. HPLC-UV Chromatograms
1a. Beta-Carotene Calibration Standard (0.450 µg/mL)

2013-550 (4,1) Test,HPLC24_A2D.184 Test Bcarotene,4,1,1
Acquired Monday, Apri l  08, 2013 1:44:19 PM
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1b. Unfortified Soybean Seed Sample (0.136 mg/kg)

QSY184B1-1 (8,1) Test,HPLC24_A2D.184 Test Bcarotene,8,1,1
Acquired Monday, Apri l  08, 2013 3:27:36 PM

-20

-18

-16

-14

-12

-10

-8

-6

-4

-2

0

2

4

R
es

po
ns

e

10 11 12 13 14 15 16 17
Retention time

14
.1

3 
 B

et
aC

ar
ot

en
e

14
.5

0

14
.7

0
14

.7
6

-Su +SuI

1c.  Fortified Soybean Seed Sample (90.7% Recovery)

QSY184B1-S1 (16,1) Test,HPLC24_A2D.184 Test Bcarotene,16,1,1
Acquired Monday, Apri l  08, 2013 6:54:09 PM
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Figure 2.  Beta-Carotene Linear Range
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