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reduced contamination of groundwater from 1994 to 2001. This is probably due to
improved hexazinone formulation, as well as lower usage rates and better agricultural
practices.

Monitoring programs for both the MWBC and the MBPC will continue into the
foreseeable future. The acquisition of GC-MS technology will allow the screening of
samples for common metabolites, including met. B, which often accompanies the parent

compound in contaminated ground water.
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ANALYSIS OF HEXAZINONE IN SOIL

Introduction

As discussed in preceding sections, the fate and transport of hexazinone is affected by
many variables, including the amount of herbicide, formulation, soil type, slope and
depth to ground water. Because hexazinone is applied to blueberry fields in April and
May when there is little vegetative cover, much of this systemic herbicide is actually
applied directly to the soil surface. In order to maximize weed-control effectiveness and
to minimize ground water contamination it is important to understand the effect of
formulation type on the persistence and mobility of hexazinone. Also, unpublished
observations of damage to a large blueberry field in Maine shows that a high residual
level of the herbicide, under certain conditions, can damage and even kill wild blueberry
plants. To these ends, controlled field studies were performed using a variety of
hexazinone formulations. HPLC and EIA methods were developed to assay the soil

hexazinone residues for this study.

Materials and Methods
Experimental Design
The study was carried out during the 1995 and 1997 growing seasons. In 1995
Velpar L, Pronone 10G, Pronone 10MG and Velpar/DAP were applied to field plots
under controlled conditions. In 1997 the study was repeated with Velpar DF, Pronone
MG and Velpar/MAP. In 1997 each plot received one inch of precipitation or irrigation

per week, to insure that adequate moisture was moved through the soil profile. Soil
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samples were collected periodically and analyzed by HPLC for residual hexazinone.
Details for the experimental design for formulation application and sample collection are
given in appendices A and B.
Sample Analysis
Soil samples for HPLC and EIA method development were collected from Florida, as
well as eastern, western and southern Maine. The newly developed HPLC method was
used to study the effect of formulation type on hexazinone movement at Blueberry Hill
Farm in Jonesboro, Maine.
Extraction
One gram of air-dried soil was weighed into a 25 mL polypropylene bottle, followed
by the addition of 5 small stainless steel ball bearings and 10 mL of 80:20
(methanol:distilled water). Samples were shaken vigorously by hand for 10 minutes.
The mixtures were allowed to stand overnight to ensure complete extraction before
shaking again for 5 more minutes. One hundred pL and 5 ml aliquots were removed for
EIA and HPLC analysis, respectively.
EIA Analysis
The EIA kit (tube format) was purchased from Millipore Corp. (Bedford, MA). The
100 pl extract aliquot was added to 0.9 mL of HPLC grade water so that the sample
contained 8% methanol. A 200 uL aliquot of the sample and standards were added to
the appropriate EIA tubes, followed by 200 pl of the enzyme conjugate. Each tube was
mixed by swirling and then incubated for 20 minutes at room temperature. The tubes
were then rinsed 4 times under running tap water and blotted dry with a paper towel.

Five hundred pl of K-blue substrate (Elisa Technologies, Lexington, K'Y) was added to
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each tube before a second incubation period of 10 minutes. Three hundred pl of stop
solution (1 N HCI) was added to the tubes to stop the reaction and to change the color
from blue to yellow. The absorbance of each standard and sample was measured at 450
nm using an Enviroguard (Millipore Corp.) tube reader. Samples outside the standard
linearity range were diluted with an appropriate volume of 8% methanol solution.

Control tubes were assayed with each set of tubes to calculate %B values of standards
and samples. Standards were run at the beginning and end of each day, with the average
of both runs used to plot the standard curve. Plotting % B against the log of hexazinone
concentration derived this curve. Hexazinone levels in the soil samples extracts were
calculated by extrapolating the values from this curve.

HPLC Analysis

The soil extracts were cleaned-up using activated tC18 Sep-Paks (Waters Associates,
Milford, MA). This activation was accomplished by passing 5 mL of HPLC grade
methanol through the Sep-Pak, followed by 5 mL of HPLC grade water. One hundred
mL HPLC grade water was added to each 5 ml extract before passing the entire mixture
through the tC18 cartridge. After drying under vacuum for 20 minutes, the Sep-Paks
were eluted with 4 mL of 80:20 (methyl-tert-butyl ether:ethyl acetate). The eluates were
evaporated to dryness under a stream of nitrogen and reconstituted with 1.0 mL of the
HPLC mobile phase. A 50 pL aliquot was injected into the HPLC system.

The HPLC system consisted of a Hewlett-Packard (Wilmington, DE) 1050 photodiode
array detector set to monitor at 247 nm, 1050 isocratic pump, 1050 auto-injector and a
Zorbax C18 column (4.6 mm L.D. x 250 mm, 5 p particle size) from Phenomenex,

(Torrance, CA).
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The mobile phase was a mixture of 40:40:20 (acetonitrile:water:methanol) with a flow

rate of 1.0 mL per minute. Data was collected using HP Chemstation software.

Results and Discussion
The limit of detection for both HPLC and EIA was 25 ng/g (ppb). Typical HPLC

generated chromatograms for a hexazinone standard and a soil extract are shown in

. figures 28 and 29, respectively. The large wide (non-integrated) peak that elutes before

hexazinone appears in most of the soil extracts and is probably associated with humic
acid fractions found in the upper soil horizons. While humic co-elution was generally not
a problem during the study, lower detection limits could be attained by further sample
clean up or an adjustment of solvent concentrations in the mobile phase.

The linear range for hexazinone by EIA was from 0.22 to 17.6 ng/g, with an ICsq
(concentration of hexazinone at a %B value 50) of 3.0 ng/g. The limit of detection
(LOD) for EIA was 25 ng/g, while the LOQ was 50 ng/g. The 8% methanol in the
standard and sample solutions imparted a slight inhibitory effect on the immunoassay, but
an evaporation step was avoided in favor of faster analyses. Dilution of the sample to
reduce inhibition by the methanol, made it impossible to attain an LOQ of 25 ng/g.

A correlation study comparing HPLC and EIA methods was completed on the 78 soil
samples obtained from treated blueberry fields in Maine and Florida. Results for these
analyses are listed in table 23. Figure 31 shows that the agreement between the two
techniques was acceptable (R*=0.9075). The linear equation of y = 0.745 x +206

indicates a low bias for EIA, but soil type or pH had no effect on this phenomenon.
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Table 23. Comparison of HPLC and EIA Methods for Hexazinone in Soil

Sample Hexazinone (ug/g)

Soil - 1
Soil - 2
Soil - 3
Soil - 4
Soil - 5
Soil - 6
Soil - 7
Soil - 8
Soil -9
Soil - 10
Soil - 11
Soil - 12
Soil - 13
Soil - 14
Soil - 15
Soil - 16
Soil - 17
Soil - 18
Soil - 19
Soil - 20
Soil - 21
Soil - 22
Soil - 23
Soil - 24
Soil - 26
Soil - 26

HPLC
143
1036
242
967
197
127
178
184
1270
1560
660
1450
253
1136
3370
948
178
216
181
867
850
119
1270
200
97
353

EIA
54
1015
230
900
64
54
74
120
1600
1900
1000
1800
110
1600
4000
1200
190
325
94
1450
1000
46
1250
170
100
320

Sample

Soil - 27
Soil - 28
Soil - 29
Soil - 30
Soit - 31
Soil - 32
Soil - 33
Soil - 34
Soil - 35
Soil - 36
Soil - 37
Soil - 38
Soil - 39
Soil - 40
Soil - 41
Soil - 42
Soil - 43
Soil - 44
Soil - 45
Soil - 46
Soil - 47
Soil - 48
Soil - 49
Soil - 50
Soil - 51
Soil - 52

Hexazinone (ug/g)

HPLC
847
106
1207
15310
642
9499
14320
5272
1018
181
301
1104
2802
3127
251
249
180
435
7797
8834
1911
5503
8920
8293
1264
556

EIA
1000
96
980
10000
540
8000
15000
4300
1410
230
200
920
1740
1860
200
245
68
465
5000
5250
1600
4650
6259
4300
1280
330

Sample

Soil - 53
Soil - 54
Soil - 55
Soil - 56
Soil - 57
Soil - 58
Soil - 59
Soil - 60
Soil - 61
Soil - 62
Soil - 63
Soil - 64
Soil - 65
Soil - 66
Soil - 67
Soil - 68
Soil - 69
Soil - 70
Soil - 71
Soil - 72
Soil - 73
Soil - 74
Soil - 75
Soil - 76
Soil - 77
Soil - 78

Hexazinone (ug/g)
HPLC
8521
14706
4930
5335
909
268
101
979
3125
4531
644
910
687
1056
899
5984
8679
163
929
727
233
438
353
395
222
242

EIA
4800
9800
4900
6300

680

275

95

920
5000
5400

780

900

540

760

735
5600
6000

65

1320

460

112

245

200

230

290

145

L8
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In fact, comparison of individual soil analyses shows that EIA values are often higher
than HPLC levels.

The HPLC procedure was utilized for a two-year study of the effect of formulation on
hexazinone mobility in loamy sand soils found in most Maine blueberry soils. Ina 1995
evaluation Yarborough et al. found that Velpar/DAP was retained at higher levels in the
soil profile than both Pronone and Velpar L (appendix A). The researchers repeated the
study in 1997 and concluded that Pronone was least likely to leach into ground water,
followed by Velpar DF and Velpar MAP (appendix B).

Conclusion

To maximize the effectiveness of the herbicidal activity and minimize the
contamination of ground water supplies, it is important to keep as much of the parent
compound as possible in the upper soil horizons. Both the HPLC and EIA methods

represent good tools for the analysis of residual hexazinone in soil.
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SUMMARY

The methods for the analysis of residual hexazinone in soil and water discussed in the
preceding chapters represent relatively inexpensive and efficient techniques when
compared to many other published means. Direct-injection of groundwater into the
described HPLC system yielded an LOQ of 0.33 pg/L, saving significant time, material
and associated solvent disposal costs. The HPLC method developed for soil analysis
entails a rapid extraction and clean-up process and provides adequate sensitivity
(LOQ = 25 ng/ml). The accompanying EIA technique is a good example of how
advances in technology can eliminate the huge capifal cost of traditional HPLC and GC
purchases. EIA also has the advantage of speed, reduced clean-up, lower use of toxic
solvents, while matching the sensitivity and quantitation of traditional instrumentation.
The combination of EIA screening with HPLC confirmation provides an efficient and
powerful set of tools for the analysis of residual hexazinone in both soil and groundwater.

From the data presented in the second chapter, it is apparent that hexazinone
contamination of rural ground water supplies is widespread, with between 50 and 70
percent of wells testing positive for trace levels of the herbicide. However, none of the
private wells showed concentrations above 6 pg/L, and a majority of the positive samples
were in the 1 pg/L range. This places hexazinone contamination approximately two
orders of magnitude lower than the government health advisory of 210 pg/L.
Furthermore, the trends from ground water sampling from both test and private wells

show decreases in residual hexazinone.
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These decreases are likely the result of lower hexazinone application rates to an
average of 1 1b/acre, as well as a range of better management practices. Some of these
practices include: application of the herbicide only when necessary; avoiding outcrops
and ledges; using during the cropping year, when there is more foliage to absorb the
herbicide; and using slow release formulations, such as granulated Pronone.

So, there are still unanswered questions. How much more can be done to control
hexazinone leaching? How much more should be done? This is generally the point at
which the analysist’s role ends and the somewhat political duties of the toxicologist, state
or federal regulator, grower and homeowner begin.

From the toxicologist’s point of view, this is a non-issue. No one is being exposed to
Velpar concentrations even approaching the 210 pg/L health advisory. The trends
established in this study coupled with improved cropping practices, indicate that this will
continue to be the case.

Unfortunately, toxicology is not an exact science. Laboratory and computer modeling
cannot take every situation into account. There are often unanswered questions such as:
What are the negative synergistic effects on non-target organisms when hexazinone in
combined with one or more pesticides? What are the long-term effects of the herbicide
on these organisms? How does one accurately translate effects on experimental animals
(fish, rats, dogs) to humans?

The duties of government regulators are more complex. These groups must balance
the economic impacts on producers, the well being of private citizens, the established
law(s) and the out-cry of citizen groups. How does one Balance these concerns fairly?

Weed control with hexazinone has been credited with increasing Maine’s blueberry crop
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by three-fold over the last 10 years. This rise has not gone unnoticed, especially in
Downeast sections of Maine where per capita income is below average. But, does
anyone have the right to contaminate someone else’s water supply? What chemical and
non-chemical alternatives does the grower have? Terbacil and diruon herbicides exhibit
higher toxicities than hexazinone and are just as prone to leaching. Also, what
responsibility does the laboratory analyst bear, while continuing to lower detection
analytical detection limits to levels which may have no effect on most biological
systems?

The solution to these questions is compromise. Hexazinone is a valuable tool to the
blueberry industry. The continued monitoring of Maine’s ground water coupled with
experimentation with new sulfonylurea herbicides, good management practices and the
use of slow release hexazinone formulations should result in less residual hexazinone in
Maine’s ground water. Citizens reluctant to ingest hexazinone can have their water tested
for a nominal charge and install inexpensive activated charcoal filtration systems to

remove the herbicide from their drinking water.
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APPENDIX A
WEED CONTROL AND PRUNING - 1997 Blueberry Research Advisory Report

INVESTIGATORS: David E. Yarborough, Associate Professor of Horticulture
Timothy M. Hess, Research Associate
Brian Perkins, Research Scientist

4. TITLE: Effect of hexazinone formulation on movement through the soil profile.

METHODS: A randomized complete block design trial to study the effect of
hexazinone formulation on soil movement and weed control was established and treated
with one Ib ai/a Velpar® L, Pronone® 10G, Pronone® 10MG, Velpar/DAP or left
untreated May 25, 1995. Each treatment also received 200 Ibs/a diammonium phosphate
(DAP). Plot size was 10 X 20 ft with 10 ft alleyways, 3 blocks and 5 treatments for a
total of 15 plots. Soil was sampled on 6-25-95, 8-25-95, 11-25-95 and 5-24-96 one,
three, six months and one year post treatment, from 0-2", 2-6" and 6-10". Carryover
effects to wild blueberries and weeds was evaluated in mid June 1996.

RESULTS: The Velpar/DAP formulation had the highest concentration over time at the
0-2" (0-5 cm) depth and the untreated control had the lowest (Figure 1). One year after
application the Velpar/DAP formulation had the highest concentration of hexazinone at
the 2-6" (5-15 cm) depth (Figure 2) followed by the Pronone® formulations. A similar
fluctuation occurred at the 6-10" (15-25 cm) depth with Velpar/DAP, Pronone® 10G and
Pronone® 10MG formulation retained in the soil at higher concentrations (Figure 3).
Most of the hexazinone was retained at the 0-2" (0-5 cm) level one year later (Figure 4).
Even though the untreated control did not receive any hexazinone treatment in 1995,
hexazinone was still detectable from the treatment in May 1993 (Figure 4). Precipitation
was well below normal for the summer of 1995 compared to the average (Figure 5).

CONCLUSION: If hexazinone leaching and groundwater is a concern at a particular
site, this research indicates the Velpar/DAP formulations of hexazinone is retained in the
soil profile the longest and will thus, be least likely to leach into groundwater, followed
by Pronone® formulations. Velpar® L was the most likely to leach out of all soil
horizons.

RECOMMENDATIONS: This experiment should be reevaluated with the Velpar® DF
formulation with irrigation to insure there is adequate moisture to move the hexazinone
through the soil profile.




Figure1. Effect of Velpar Formulation on Hexazinone
Movement Through the Soil Profile at 0-2 Inches
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Figure 2. Effect of Velpar Formulation on Hexazinone
Movement Through the Soil Profile at 2-6 Inches
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Figure 3. Effect of Velpar Formulation on Hexazinone
Movement Through the Soil Profile at 6-10 Inches
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Figure 4. Comparison of Formulation on Hexazinone
Movement After One Year
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Figure 5. Blueberry Hill Farm Precipitation
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APPENDIX B

PRUNING AND WEED CONTROL - 1998 Wild Blueberry Research
Advisory
Committee

INVESTIGATORS: David E. Yarborough, Associate Professor of Horticulture
Timothy M. Hess, Research Associate
Brian Perkins, Research Scientist

2. TITLE: Effect of hexazinone formulation on movement through the soil
profile.

METHODS: A randomized, complete block design trial to study the effect
of hexazinone formulation on soil movement and weed control was
established and treated with one Ib ai/a Velpar DF®, Pronone MG®, Velpar
DF® impregnated on monammonium phosphate (MAP) or left untreated
May 22, 1997. Each treatment also received 200 Ibs/a MAP. A similar
trial was initiated in 1995 during a dry growing season. To analyze the
effects of precipitation on hexazinone movement, each plot received a total
of 1" of rainfall or irrigation per week from trial initiation until September 1,
1997. Plot size is 10 X 20 ft with 5 ft alleyways and has 3 blocks and 4
treatments for a total of 12 plots. Soil was sampled on 6-23-97, 8-26-97,
11-12-97 for one, three and six months post treatment, from the 0-2", 2-6"
and 6-10" soil depths. Soils will be sampled again in May 1998 for the 12
month post treatment. Weed control and injury to wild blueberries will be
evaluated in mid June 1998.

RESULTS: The Pronone® formulation had the highest levels at the 0-2"

layer at both 1 and 3 months sample times (Figure 1)
followed by the DF formulation and Velpar DF®/MAP.
At 2-6", both VEL/MAP and the control, a residual from
2 years prior application, have the highest concentration
(Figure 1). Similarly, at 6-10" Velpar DF®/MAP had the
highest concentration at both sampling dates.

CONCLUSION: In both 1995 and 1997, high levels of Pronone® were
retained at 0-2" after 1 month (Figures 1 and 2) although in 1997 the levels
are only 209% of those 1995 and do not increase at the deeper soil levels
indicating they have been leached from the root zone or broken down by
micro organisms (Figure 2). At 3 months sampling in 1997, all forms of
hexazinone are retained at almost the same levels in the first month (Figure
3) where as levels decreased dramatically in 1995 (Figure 4). Overall
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trends indicate Velpar DF®/MAP or DAP formulations leach more readily
during wet growing seasons with Pronone® being retained the most.

RECOMMENDATIONS: Continue with future sampling date then terminate
trial.
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Figure 1. Comparison of Formulation on Hexazinone
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Figure 3. Comparison of Formulation on Hexazinone
Movement After Three Months -1997
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APPENDIX C

DETERMINATION OF CAPSAICINOIDS IN SALSA BY LIQUID
CHROMATOGRAPHY AND ENZYME IMMUNOASSAY

Brian Perkins, Rodney Bushway, and Kelly Guthrie
University of Maine, Department of Food Science & Human Nutrition, Orono, ME
04469
Titan Fan, Bonnie Stewart, and Alison Prince
Beacon Analytical Systems, Portland, ME 04103
Mark Williams
Bangor High School, Bangor, ME 04401

Journal of AOAC International Vol. 85, No. 1, 2002

ABSTRACT

Two simple and rapid methods were developed to monitor pungency of salsa in
production. Capsaicin (C) and dihydrocapsaicin (DHC) were quantified in 17
commercially available tomato-based salsas by enzyme immunoassay (EIA) and by high
performance liquid chromatography (LC) with fluorescent detection. Samples were
extracted with methanol and the extracts were subjected to solid phase extraction (SPE)
using polystyrene-divinylbenzene columns. Analysis of the SPE eluates showed good
correlation (r*=0.953) between LC and EIA, with a slightly high bias for EIA. Salsa
fortified with C and DHC from 0.118 to 103.2 ug/g resulted in recoveries of 90 - 112%
(C) and 76 — 97% (DHC). Limits of detection by LC were 0.1 ug/g for each capsaicinoid
and 0.1 ug/g by EIA for total capsaicinoids. The LC on-column response was linear
from 0.2 to 100 ng for both C and DHC, while the working range for EIA was 0.1 to 2.0
ppm. Variability in pungency was noted between different salsa brands labeled mild,

medium and hot.
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INTRODUCTION

Hot sauces and tomato-based salsas containing hot peppers (Capsicum fruit) have
enjoyed strong gains in consumer acceptance in recent years and now account for an
estimated 500 million American dollars in annual sales (1). Consumers can now choose
from a wide variety of salsas, which are available in a wide range of pungencies.

The capsaicinoids (vanillyl amide structures with saturated and unsaturated Cq-C;
branched fatty acids) are responsible for the pungent or hot sensation associated with
salsa (figurel). This burning sensation is commonly measured in Scoville Units (SU), a
widely accepted organoleptic test developed by Wilbur Scoville in 1912 (2). Table 1
compares SU values for the capsaicinoids commonly occurring in Capsicum fruit. There
are three capsaicinoids commonly found in hot peppers, including capsaicin (C) and
dihydrocapsaicin (DHC), which account for between 80 and 90+ % of the pungency,
while nordihydrocapsaicin (NDHC) is normally present in much lower concentrations
(3,4). Traces of homocapsaicin, homodihidrocapsaicin, nornodihydrocapsaicin, as well
as other analogues and homologues have also been reported in the literature (5,6,7,8).

Numerous methods have been published describing the identification and quantification
of capsaicinoids in hot peppers, oleoresins and hot sauces. The techniques employed
include liquid chromatography with ultraviolet and fluorescence detectors (6-10), LC
with mass spectral detectors (6), gas chromatography with MS detectors (5), and micellar
electrokinetic capillary chromatography with ultraviolet and electrochemical detection
(12). Most of these techniques are quite useful for research and quality control functions
of expensive ingredients such as oleoresins, but are too costly and time consuming to be

used for the analysis of end products, such as salsa.
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Table 1. Relative Pungencies of Capsaicinoids

Capsaicinoid (ug) Pungency (SU)
capsaicin 16
dihydrocapsaicin 16
nordihydrocapsaicin 9.1
homocapsaicin 8.6
homodihydrocapsaicin 8.6

We have found no published methods for the analysis of capsaicinoids in salsa. This
paper compares a novel and rapid EIA method developed with a commercially available
kit with a simple LC assay for the analysis of the capsaicinoids, C and DHC in processed,

tomato-based salsa.

EXPERIMENTAL

Apparatus

(a) LC/FLD system.-HP 1100 series (Hewlett Packard, Burlington, MA) equipped
with a Prodigy C18, 4.5 x 250 mm column, maintained at ambient temperature
(Phenomenex, Inc., Torrance, CA). The mobile phase was a mixture of 55:45
(acetonitrile:water) with an isocratic flow of 1 ml/min. The fluorescence detector was
programmed to monitor the signal with an excitation of 280 nm and an emission of 325
nm. Twenty ul of sample was injected into the system. Data was collected and analyzed
with HP Chemstation software.

(b) EIA system.-Plate reader (Molecular Devices, Sunnyvale, CA) with absorbance
measured at 450 nm. Capsaicin test kit, manufactured by Beacon Analytical Systems
(Portland, ME).

(c) Blender.-Waring model 33BL79 (East Windsor, NJ).
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(d) Polytron.-Model CH-6010 (Brinkman Instruments, Westbury, NY).

(e) Solid phase 12 position manifold.- (Allied Signal-Burdick & Jackson, Muskegon,
MI).

(e) Centrifuge.-Model TJ-6, 15000 x g (Beckman, Palo Alto, CA).

Reagents

(a) Methanol, acetonitrile, and water.-HPLC grade (Fisher Scientific, Fairlawn, NJ).

(b) SPE cartridges.-Waters Corp. Oasis (Milford, MA) 200 mg, 6 ml.

(c) Centrifuge tubes.-Disposable, 50 ml polypropylene (VWR Scientific, Bridgeport,
(NJ).

(d) Salsa.-Purchased from local supermarkets.

(e) Standard stock solutions.-Prepare C (97%) and DHC (90%) (Sigma, St. Louis, MO)
by weighing 10 mg of each into separate 25 ml volumetric flasks and dilute to volume
with acetonitrile.

(f) Intermediate and working solutions.-Dilute 1 ml from stock solutions to 50 ml with
acetonitrile for both C and DHC. Dilute intermediate solutions with appropriate volumes

of acetonitrile to make 0.1, 0.25, 0.5, 1.0, 2.0, 4.0, 5.0 ug/ml working standards.

Extraction

Puree the entire jar of salsa in the blender for 2 min to ensure a homogeneous sample.
Weigh a 5 g sub sample into a 50 ml centrifuge tube and add 25 ml methanol. Polytron
the mixture for 3 min at medium speed and centrifuge for 10 min at 15,000 x g. Remove
a 0.5 ml aliquot for EIA and evaporate it to dryness under a stream of nitrogen. Pipette

10 ml of supernatant from the tube and mix with 100 ml of distilled water. Care must be
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taken not to disturb the pellet, for any particles introduced to the clean-up procedure can

easily clog the SPE cartridge frit.

Clean-up

Apply the entire diluted sample to the SPE cartridge after activating by successive
rinses with 5 ml of methanol and 5 ml of water. Elute the solution at a rate of 5 ml per
min. Rinse the cartridge with 5 ml of distilled water. Allow the cartridge to dry under
vacuum for 3 min, then elute with acetonitrile, collecting the first 3.0 ml of eluate. Inject

20 ul of the eluate into the LC system.

EIA Procedure
Warm all reagents to room temperature. Reconstitute dried sample into 0.5 ml of

90:10 (water:methanol). Pipette 100 ul of sample or calibrator into each mixing well,
followed by 100 ul of enzyme conjugate. Mix contents of each well by gently aspirating
a few times with the pipette, then transfer 100 ul of the mixture to the antibody-coated
reaction wells. Incubate the plate for 10 min at room temp, then rinse the wells with tap
water by filling and decanting. Add 100 ul of substrate to each well and incubate for 10
min. Stop the reaction by adding 100 ul of stop solution and read plate absorbance at 450
nm. Samples with absorbance values exceeding the standard curve must be diluted and
re-assayed. Calculate the %By values from the absorbance data. Refer to product insert
sheet (provided by manufacturer) for detailed procedure.

LC Recovery Assays

Because all salsa tested contained capsaicinoids, the recovery procedure for LC

analysis was estimated by spiking a salsa (mild) sample at six levels of capsaicin (0.14,
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3.096, 10.32, 25.8, 57.6 and 103.2 ppm) and dihydrocapsaicin (0.097, 3.48, 10.44, 24.36,
48.72 and 97.44 ppm) after first determining the capsacinoid levels naturally present in

the sample. Recovery values were calculated by subtracting the natural from the fortified
levels for both capsaicin and dihydrocapsaicin. The fortification-recovery procedure was

repeated over a period of six days to determine the ruggedness of the LC method.

RESULTS AND DISCUSSION

Although acetonitrile is often used as an extraction solvent for capsaicinoid analysis
due to its efficiency and low co-extractive properties (7,10), a less expensive and less
toxic solvent would facilitate use of these methods by the food industry. After analyzing
several samples extracted with acetonitrile, methanol, and ethanol by LC, methanol was
chosen for use in this study. We noticed no difference in extraction efficiency between
the three solvents and although methanol and ethanol extracted more pigment, the
chromatograms for all extracts were similar.

The on-column response for C and DHC was linear to 100 ng (R?=0.990 and R*=0.998,
respectively). Typical chromatograms for standard and sample injections are shown in
figure 2, where near-baseline separation was realized for each capsaicinoid, within 13
minutes. There were no interfering peaks observed for any of the salsa samples that we
assayed. Although nordihydrocapsaicin was likely present in many of the samples
(figure 2b), we were unable to obtain an analytical standard for positive identification.
Other researchers, using similar reverse-phase LC conditions to separate capsaicinoids in
oleoresin and hot pepper extracts, generated similar chromatograms. All showed NDHC

eluting immediately before the C peak (6,9,10,11).
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Results for the fortification-recovery study are listed in table 2. Recoveries ranged
from 77.15 to 112.5% for both C and DHC for samples fortified from 0.118 to 103.2
ug/g. Relative standard deviations were acceptable for all spiking levels, with exception
of the lowest spiking regime, which resulted in RSDs above 20%. This variability is
explained by noting that the fortification level (C=0.12 ug/g and DHC=0.118 ug/g) was
an order of magnitude lower thaﬁ the capsaicinoids naturally present in the “mild” salsa
(C=1.4 ug/g and DHC=1.7 ug/g). Small variations in recovery of the natural

capsaicinoids greatly increased the RSD values of the low spikes.

Table 2. Capsaicin and Dihydrocapsaicin Recovery by LC/FLD

Spike Level (ug/g) Mean Recov. (ug/g)  Mean Recov. (%) SD (ug/g) n=6 RSD (%)
Cap DHCap Cap DHCap Cap DHCap Cap DHCap Cap DHCap

0.120 0.118 0.1350 0.1126 1125 9542  0.031 0.032 23.1 28.3
3.096 3480  3.3085  3.388 106.9 9736  0.250 0.344 7.54 10.1
10.32 10.44 10.76 10.05 104.3 96.26  0.420 0.872 3.90 8.67

2580 2436 2479 21.68 96.09 80.00 1.88 2.32 7.58 10.7
51.60 4872  47.62 37.59 92.29 77.15  3.44 421 7.24 11.2
103.2 97.44 9285 74.38 89.97 7633  3.38 5.26 3.63 7.07

Seventeen salsa samples ranging from “extra mild” to “hot” were assayed by both LC
and EIA for C and DHC content. The data generated from these two techniques
correlated well, with a value of 0.957 (figure 3). The slight bias toward EIA may be due
in part, to the cross-reactivity of NDHC to the antibody. This capsaicinoid was not
quantified by LC. Results for both assays are given in table 3. It is of interest to note the
great variability in total capsaicinoid content and pungency between brands, with some

samples containing 3x the value as others, within the same pungency category.
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Table 3. Comparison of LC/FLD with EIA for Total Capsaicinoids in Salsa

Salsa LC/FLD (ug/g) EIA (ug/g)
A-hot 24.40 , 36.80
A-medium 2.50 3.20
B-hot 13.90 17.10
B-medium 7.00 7.10
C-medium 8.40 7.80
C-mild 1.70 2.60
D-medium 8.40 10.90
E-mild 2.02 2.41
E-medium 10.79 10.92
E-hot 19.38 22.98
F-extra mild 0.19 0.39
F-mild 1.42 1.70
F-medium 6.37 6.38
F-hot 16.55 22.00
G-mild 0.68 1.22
G-medium 2.80 2.92
G-hot 12.44 12.16
CONCLUSION

Both of the methods described in this paper are rapid and accurate. The LC procedure
provides processors who possess basic HPLC equipment the ability to easily monitor
salsa production lines for consistent pungency. The EIA technique requires minimal
equipment and up to 10 samples per hour can processed by an analyst, with little training.
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