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ABSTRACT: Detoxification of ergot-contaminated feed by ammonia would be a practical application, given that ammonia is
routinely used in the agriculture industry. To assess the effects of ammonia on ergot alkaloids, natural ergot-contaminated wheat was
ammoniated. The total concentration of ergot alkaloids (R- and S-epimers) decreased after exposure to ammonia (8—29%).
Separately, the total R-epimers decreased in concentration (40—66%), whereas the total S-epimers increased (21—81%). Specific
ergot alkaloids demonstrated degradation and/or epimerization after exposure to ammonia, potentially associated with structural
differences, and influenced the total concentrations observed. Ammonization of ergot standards resulted in potential degradation
products and epimerization, supporting the above results. The use of ultrahigh-performance liquid chromatography—tandem mass
spectrometry provides an updated assessment of the detoxification potential of ammonia for ergot alkaloids and the quantification of
the S-epimers. Ammonia alters the R- and S-epimers of ergot alkaloids, which may lead to a potential practical detoxification process
of ergot-contaminated feed.
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H INTRODUCTION chlorine, ozone, sulfur dioxide, bleach, hydrogen peroxide, and
ammonia.’

Exposure of ergot-contaminated matrices to ammonia has
been investigated. Ergot-contaminated hay was ammoniated
and fed to steers.'” The steers had lower body temperatures
and mitigated toxic manifestations compared to the steers fed
nonammoniated ergot-contaminated hay. The authors, how-
ever, did not assess the concentration of ergot alkaloids within
the hay after ammonization. In related research, ergovaline, an
ergot alkaloid common in infected tall fescue, had a

Ergot sclerotia in grains intended for human and animal food
and feed are monitored. An assessment can determine if the
contaminated grains are suitable for human consumption or
are downgraded to animal feed. In the past decade, the
occurrence of ergot alkaloids in Canada and the United States
has increased.” Recently, 25—50% of wheat in Western Canada
was downgraded associated with ergot contamination.” Grain
is downgraded depending on the amount of ergot sclerotia

contamination. In Canada, grain with the highest grade significantly reduced concentration of 54% with exposure to
contains less than 0.04% mass of sclerotia/mass of grain, 2% ammonia for 1 week.'* The authors reported that the
whereas feed grain contains less than 0.10%, for multiple wheat reduction in the ergot alkaloid was not affected by the
types.’ A concentration range of 2000—9000 g ergot alkaloid/ concentration of ammonia; however, a time-dependent
kg feed for livestock in Canada has been established depending decrease in concentration over several weeks was observed.
on the animal species.” Safety guidelines establish concen- Likewise, another study observed a decrease in ergot alkaloid
trations of ergot alkaloids in feed for the protection of animal concentrations exposed to ammonia for 6 weeks; however, the
health. Billions of dollars are lost annually due to ergot- decrease was not statistically significant."> Comparably,
contaminated grain because of the impact on livestock another study showed that ammonia treatment did not affect
productivity’ and financial penalties related to grain quality. the total concentration of ergot alkaloids.® Overall, ammoniza-
The removal of ergot sclerotia and detoxification of ergot tion of ergot may be influenced by multiple factors, producing
alkaloids is a priority in agriculture. Simply, ergot sclerotia can various results.
be separated by size, density, and color from healthy grain Ammonia is utilized in the agriculture industry for multiple
kernels.” However, ergot alkaloids can be detected within the applications. Low-quality forage is ammoniated to increase its

. . 16 1, . .
dust and fines in contaminated grain after the removal of ergot nutritional value for livestock.” It is routinely utilized when

sclerotia.” Additional methods for physical reduction of ergot

alkaloids include heat and ultraviolet light,® food processing Received: March 4, 2022
techniques,””"" and the addition of binders."”” Biological Revised:  June 27, 2022
methods of detoxification of ergot alkaloids are limited; Accepted:  June 28, 2022
however, some fungi and bacteria have been shown to decrease Published: July 13, 2022

the concentration of ergot alkaloids." Chemical approaches for
the detoxification of ergot alkaloids have included the use of
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feed sources are limited.'” Digestibility and crude protein
content increase when feed is exposed to ammonia.'® Readily-
accessible ammonia would allow for practical applications for
the detoxification of ergot-contaminated feed while increasing
the nutritional value.

Studies assessing the effects of ammonia on ergot alkaloids
only consider the C-8-(R)-isomers of ergot alkaloids and not
the C-8-(S)-isomers for quantification.””'* A rotation at the
chiral carbon 8 adjacent to the carbon 9—10 double bond of
the chemical structure defines the epimer of the ergot alkaloid
(Figure 1). The C-8-(R)-isomers, which will be referred to as

Figure 1. Reaction scheme of the epimerization process. From left to
right: [C-8-(R)-isomer (R-epimer), intermediate structure, C-8-(S)-
isomer (S-epimer)].

the R-epimers, are designated with a “-ine” suffix, whereas the
C-8-(§)-isomers, which will be referred to as the S-epimers, are
designated with an “inine” suffix. The S-epimers of ergot
alkaloids constitute a large proportion of the total concen-
tration of ergot alkaloids.'” Potentially, studies assessing the R-
epimers of ergot alkaloids after exposure to ammonia, may
misrepresent the overall impact of ammonization on ergot
alkaloids. Effects of ammonization could potentially be
unrecognized without S-epimer quantification. The different
configurations of ergot alkaloids can interconvert to one
another, with the R-epimer'’ and the S-epimer’®*' causing
toxic effects. Historically, the R-epimer is thought to be more
toxic than the S-epimer." It is critical to evaluate the degree of
ammonization of both configuration forms to assess the
detoxification potential.

Further investigation into the ammonization of ergot
alkaloids to assess potential detoxification is required. The
objective of this study was to examine the effects of ammonia
on the concentration of the total, total R, and total S-epimers

of ergot alkaloids and assess if individual ergot alkaloids
respond differently after exposure to ammonia. A preliminary
study was conducted to provide further insight into the
ammonia—epimer degradation process. The use of ultrahigh-
performance liquid chromatography—tandem mass spectrom-
etry (UHPLC—MS/MS) allows for the detection and
quantification of configuration differences using robust and
sensitive data. Results from this study could potentially lead to
a practical solution to detoxify ergot-contaminated feed.

B MATERIALS AND METHODS

Samples. Six independent ergot-contaminated hard red spring
wheat samples were obtained from the Canadian Feed Research
Centre (North Battleford, Canada). Visually, the six samples
contained a very high quantity of ergot sclerotia. The samples had a
concentration range of 377,164—787,310 ug/kg of total ergot
alkaloids. Therefore, each sample was diluted with clean wheat as
described previously.”> Samples were ground using a UDY Cyclone
Sample Mill (Fort Collins, USA, Model #3010—060, 1 mm mesh) and
analyzed using UHPLC—MS/MS. After analysis, each sample had a
similar starting concentration, with a sample average of 841 ug/kg and
a range of 756—943 ug/kg of total ergot alkaloids. The total ergot
alkaloid concentration includes 12 ergot epimers, namely, ergocris-
tine, ergocristinine, ergocryptine, ergocryptinine, ergocornine, ergo-
corninine, ergometrine, ergometrinine, ergosine, ergosinine, ergot-
amine, and ergotaminine.

Ammonization. Samples were ammoniated following a previous
method with modifications.”> A small glass Petri dish was placed on
the bottom of a 38 oz Anchor Hocking sealable jar (Canadian Tire,
Saskatoon, Canada). The Petri dish contained 2 mL of ammonium
hydroxide (NH,OH) (Honeywell, Fisher Scientific) diluted with
deionized water. The NH,OH stock solution contained approximately
30% NH;, and dilutions were made to achieve two separate
concentrations of NH; with a desired final concentration of 2 or
5% NHj; per weight of grain. The 2 and 5% NHj; concentrations were
made by combining 0.33 and 0.83 mL, respectively, of NH,OH, with
1.67 and 1.17 mL, respectively, of deionized water. A segment of
Everbilt Garden black plastic mesh fence, with a 1/2 in. square mesh
opening (Home Depot, Saskatoon, Canada), was placed on top of the
Petri dish within the jar. A weigh boat containing S g of ground ergot-
contaminated wheat was placed on top of the plastic mesh. The weigh
boat was hexagonal with a diameter of 5—5.5 cm. The ground grain
was smoothed out with firm plastic across the surface area of the
weigh boat. The depth of the grain sample in the weigh boat was
approximately 0.2 cm. This was conducted for all samples to obtain
uniformity of depth and similar surface area to be exposed. Ammonia
vapors, from ammonium hydroxide, provided ammonia (NH;)

2% ammonia

olololelelo
OOOOOO

5% ammonia

(2 )(3)(4 )(5 )(s

Figure 2. Experimental design setup. Subsamples from the six (1—6) natural ergot-contaminated samples were placed in jars (circles), in two
replicates, within each group (2% ammonia, $% ammonia, water, and control). This design was set up independently for 1, 2, and 3 week
incubation periods with subsamples from the six samples replaced each time.
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exposure to the grain. The jar lid was closed and sealed for the
incubation period at room temperature. All jars were covered with
black plastic to deter light exposure during the incubation period.

Experimental Design. The effects of two ammonia concen-
trations (2 and $%) on ergot epimers after incubation for 1, 2, or 3
weeks were assessed. The ammonia concentrations and times were
chosen based on practical’* and literature'* recommendations. In
total, 48 jars were placed into four groups of 12 jars each. Each group
had either 2% ammonia concentration, 5% ammonia concentration,
water, or nothing (control group), pipetted into the Petri dish. Within
each of the four groups, subsamples from the six (n = 6) independent
ground ergot-contaminated samples were placed into the jars with
two replicates of each subsample (Figure 2). Replicates of subsamples
were utilized to minimize the effect of sampling variability. Averages
of replicate values were utilized in all analyses. All 48 jars were sealed,
covered with black plastic, and incubated for 1 week. At the end of the
incubation period, the jar lids were opened, and the ammoniated grain
samples were removed and placed in a fume hood for 45 min to allow
for excess ammonia to escape. Forceps were used to break up the
grain into very small pieces to aerate the grain which clumped due to
moisture. Each grain sample was then put into a 50 mL metal-free
centrifuge tube for the extraction and analysis of ergot epimers. This
entire procedure was repeated separately, with new subsamples from
each of the six samples replaced each time, and incubated for either 2
or 3 weeks.

Ergot Epimer Extraction and Analysis. The extraction and
analysis of the ammoniated ergot-contaminated samples followed a
protocol previously described.”” In brief, 20 mL of the extraction
solvent containing acetonitrile/water (80:20) was added to the S0 mL
centrifuge tubes. The samples were mixed for 1 h, followed by
centrifugation for 10 min at 3500 rpm. The supernatant of each
sample was filtered through a 0.45 ym polytetrafluoroethylene filter. A
160 uL aliquot of the filtered supernatant and 40 uL of the internal
standard, deuterated lysergic acid diethylamide, were added to amber
glass vials and dried down with nitrogen. The dried samples were
reconstituted in 50:50 methanol/water, transferred to amber vials
with 200 uL inserts, centrifuged, and placed into the autosampler for
UHPLC—MS/MS analysis. The UHPLC system used was a
ThermoFisher Scientific Vanquish with a 2.1 mm ID filter cartridge
and a Hypersii GOLD Cl18 Selectivity column (ThermoFisher
Scientific, Waltham, Massachusetts, USA), coupled to a Thermo-
Fisher TSQ_ Altis MS/MS (triple quadrupole MS/MS). An injection
of 2 uL was followed by a gradient of mobile phase A (water with
0.1% formic acid) and mobile phase B (methanol with 0.1% formic
acid). Electrospray ionization in positive mode and selective reaction
monitoring were utilized for the detection and quantification of the 12
ergot epimers.

Statistical Analysis. Subsamples, from samples 1—6, were
exposed throughout the experiment to either 2% NHj;, 5% NH;, or
control at either 1, 2, or 3 weeks. The water group was removed from
the analysis due to mold growth on all the samples. Estimates from
the subsamples were determined for each ammonia concentration/
time. To determine whether ammonia concentration and/or time
affects the concentration of total, total R, or total S-epimers, the
estimates of subsamples from the six samples exposed to either 2%
NHj;, 5% NH;, or control at either 1, 2, or 3 weeks were compared.

The statistical analyses were performed using SPSS 23 (IBM SPSS
Statistics for Windows, version 23, IBM Corp., Armonk, NY).
Generalized estimating equations (GEE) was the statistical analysis
utilized with an identity link function, robust errors, and an
unstructured correlation matrix to account for repeated measures of
subsamples from the six samples exposed to each ammonia
concentration and time. Estimates from subsamples were used in
the analysis to compare groups (ammonia-exposed and control) at the
three time periods. Normality of data was tested utilizing a one-
sample Kolmogorov—Smirnov test, even though normality is not an
assumption of the GEE. A normal distribution was considered at P >
0.0S. In the presence of a significant interaction between the effects of
ammonia concentration and time on mean epimer concentration,
GEE was used each time to assess the effects of ammonia. A
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statistically significant difference was considered at P < 0.05 for all
analyses. A significant effect of ammonia resulted in a multiple
pairwise comparison between ammonia-exposed groups and the
control group, with a sequential Sidak correction, at each time period.
This was executed separately for the total concentration of ergot
epimers (R- + S-epimers), total R-epimer concentration, and total S-
epimer concentration. Comparison of ergot epimer concentrations
between ammonia-exposed groups at each of the time periods is
discussed as a mean percent increase or decrease compared to their
control group. The results for the effects of ammonia on each
individual ergot alkaloid (R- and S-epimer pair) are presented
descriptively.

Ammonia—Epimer Degradation Products. A preliminary
study was conducted to assess the potential chemical reaction
between ammonia and ergot epimers, and R- and S-epimer standards
were exposed to ammonia vapors and NH,OH directly following a
previous method with modifications.>® Ergocristine and ergocristinine
(Romer Labs, Tulln Austria) were used as the representative R- and S-
epimer. Ergocristine and ergocristinine were dried down separately at
a concentration of 1 pg/kg in an HPLC amber vial under a stream of
nitrogen. Following the ammonization technique, the amber vials
were placed inside the jars with 2 mL of NH,OH with approximately
30% NHj in the glass Petri dish. The NH; concentration was utilized
to ensure that a reaction was observed. Jars were sealed, and the
samples were incubated for 2 and 3 weeks. Black plastic was used to
cover the jars. At 2 and 3 weeks, the lids of the jars were opened in the
fume hood for 15 min to allow excess ammonia to escape. The
samples were reconstituted in 1 mL of methanol/water (50:50) for
analysis. Control samples of ergocristine and ergocristinine were
executed in the same manner; however, no NH,OH was added to the
glass Petri dish. To assess the full degradation of ergot epimers, after
the dry-down of ergocristine and ergocristinine separately, the
ergocristine and ergocristinine standards were reconstituted in 100
uL of NH,OH, with a concentration of 1 ug/kg for each epimer.
Subsequently, NH,OH was allowed to evaporate in the fume hood.
Once dried, the samples were reconstituted in 100 uL of methanol/
water (50:50) for analysis. The analysis for all the samples was carried
out as mentioned previously; however, these samples were analyzed in
quadrupole one full-scan mode with a range of m/z 560—660. This
range was chosen based on the range utilized by Borras-Vallverdu et
al. (2020),** with modifications for the different molecular weights of
the compounds of interest. The adducts of interest would hypotheti-
cally be in this range. Since this section of the study is preliminary, the
results will be reported descriptively.

B RESULTS

Ammonization of Ergot-Contaminated Grains. The
concentrations of the total ergot epimers, within the evaluated
groups of control, 2% ammonia, and 5% ammonia at 1, 2, and
3 weeks, were normally distributed (P > 0.05). The total
concentration of ergot epimers in naturally contaminated
grains was altered with exposure to ammonia and time. There
was a significant interaction between ammonia concentration
and time effects on the total epimer concentration (GEE, Wald
chi-square = 147.82, df = 4, P < 0.001). In weeks 1, 2, and 3,
there was a significant effect on the mean total epimer
concentration related to ammonia concentration (GEE, Wald
chi-square = 15.74, 41.16, and 144.17, respectively, df = 2, P <
0.001 for all weeks). After 1 week of incubation in 2%
ammonia, an 8% decrease in the total concentration of ergot
epimers was observed in the ammonia-exposed group
compared to the control group. No statistically significant
difference in the total ergot concentration was observed after 1
week of incubation in 5% ammonia (multiple pairwise
comparisons with sequential Sidak correction, P = 0.061). In
weeks 2 and 3, there was a decrease in the total concentration
of epimers exposed to 2 and 5% ammonia (multiple pairwise
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Figure 3. Total ergot epimer concentration at each time period and ammonia exposure. Total concentration (ug/kg) of all 12 epimers in natural
ergot-contaminated wheat after exposure to each concentration of ammonia (%) for either 1, 2, or 3 weeks [box plot: whiskers are defined at the
minimum and maximum values, the top of the box is defined as the 75th percentile, the bottom of the box is the 25th percentile, and the middle
line is defined as the median. * is defined as an extreme outlier. Different lowercase letters represent statistical differences between ammonia
concentrations for each time period (P < 0.05, GEE, pairwise comparison with sequential Sidak correction, n = 6/ammonia concentration and
time)].
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Figure 4. Total ergot R-epimer concentration at each time period and ammonia exposure. Total R-epimer concentration (ug/kg) in natural ergot-
contaminated wheat after exposure to each concentration of ammonia (%) for either 1, 2, or 3 weeks [box plot: whiskers are defined as the
minimum and maximum values; the top of the box is defined as the 75th percentile, the bottom of the box is the 25th percentile, and the middle
line is defined as the median. © is defined as an outlier. Different lowercase letters represent statistical differences between ammonia concentrations
at each time period (P < 0.0S, GEE, pairwise comparison with sequential Sidak correction, n = 6/ammonia concentration and time)].
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Figure S. Total ergot S-epimer concentration at each time period and ammonia exposure. Total S-epimer concentration (pg/kg) in natural ergot-
contaminated wheat after exposure to each concentration of ammonia (%) for either 1, 2, or 3 weeks [box plot: whiskers are defined at the
minimum and maximum values, the top of the box is defined as the 75th percentile, the bottom of the box is the 25th percentile, and the middle
line is defined as the median. © is defined as an outlier. Different lowercase letters represent statistical differences between ammonia concentrations
at each time period (P < 0.0S, GEE, pairwise comparison with sequential Sidak correction, n = 6/ammonia concentration and time)].

comparisons with sequential Sidak correction, P < 0.002).
There was a range of 19—29% reduction in the mean total
concentration of ergot epimers across all ammonia-exposed
groups and time points (Figure 3).

The concentration of the total R- and total S-epimers, within
the evaluated groups of control, 2% ammonia, and 5%
ammonia in 1, 2, and 3 weeks, were normally distributed (P
> 0.05). The R- and S-epimers responded differently when
exposed to ammonia. There was a significant interaction
between the effect of ammonia concentration and time on both
mean total R-epimers and mean total S-epimers (GEE, Wald
chi-square = 22.77 and 247.19 respectively, df = 4, P < 0.001
for both groups).

In weeks 1, 2, and 3, ammonia influenced the total R-epimer
concentration (GEE, Wald chi-square = 451.76, 277.86, and
174.96, respectively, P < 0.001). Specifically, the total R-epimer
concentration decreased from the control group at each
ammonia concentration in each week (multiple pairwise
comparisons with sequential Sidak correction, P < 0.001).
There was a range of 40—66% reduction in the concentration
of the mean total R-epimers (Figure 4).

In weeks 1, 2, and 3, ammonia influenced the total S-epimer
concentration (GEE, Wald chi-square = 131.23, 29.90, and
31.79, respectively, P < 0.001). Specifically, the concentration
of the total S-epimers increased in the 2 and 5% ammonia
exposed groups (multiple pairwise comparisons with sequential
Sidak correction, P < 0.039). There was a range of 21-81%
increase in the mean total S-epimer concentration with
ammonia concentration and time (Figure 5).

Ammonia appeared to affect the individual ergot alkaloids
differently. As shown in Table 1, the response varied. At weeks
1, 2, and 3, for ergocornine/inine, ergocristine/inine, and
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ergocryptine/inine, the R-epimer concentrations decreased,
and the S-epimer concentrations increased. The total
concentration for ergocornine/inine, ergocristine/inine, and
ergocryptine/inine decreased after exposure to 2% ammonia
but increased after exposure to 5% ammonia compared to the
control group in 1 week. In 2 and 3 weeks, the total
concentration for those ergot alkaloids decreased after
ammonia exposure, compared to the control group. The
observed mean ratios for ergocornine/ inine, ergocristine/ inine,
and ergocryptine/inine ratios all decreased below 1 for the 2
and 5% ammonia exposed groups, compared to control in all
weeks. In week 1 for ergometrine/ergometrinine, ergotamine/
ergotaminine and ergosine/ergosinine there did not appear to
be a trend. However, in weeks 2 and 3, the concentration of
both the R- and S-epimers of those ergot alkaloids in the
ammonia-exposed groups decreased compared to the control
group. Likewise, the total concentration of those ergot
alkaloids also decreased. The observed mean R/S ratio for
these ergot alkaloids decreased, however, not below 1, for all
weeks analyzed. The ratios for all six samples from the
ammonia groups exposed at each time, decreased, for all ergot
alkaloids, except for one sample for ergometrine/ergometrinine
in the 5% ammonia concentration group in week 2.
Ammonia—Epimer Degradation Products. Through
comparing the chromatograms of the ammoniated ergocristine
and ergocristinine standards to the respective control sample, a
new product peak had formed. There was no difference in
chromatograms between weeks 2 and 3. The control for
ergocristine (R) had a product peak at 7.67 min with an m/z
610.39 with an abundance of 1.24 X 10® and a product peak at
7.90 min with an m/z 610.40 with an abundance of 3.08 X 10°,
corresponding to the S-epimer (Figure 6A). The ammoniated
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Figure 6. Extracted chromatograms of epimers exposed to ammonia. (A) Ergocristine (R) control, (B) ergocristine (R) ammonia-exposed, (C)
ergocristinine (S) control, and (D) ergocristinine (S) ammonia-exposed.

ergocristine (R) still had a product peak at 7.67 min with m/z
610.39 with an abundance of 8.74 X 107 and a product peak at
7.91 min with m/z 610.38 with an abundance of 3.16 X 10”. A
new product peak was observed at 8.38 min with m/z 608.37
and 626.38 (Figure 6B). The control sample for ergocristinine
(S) had a product peak at 7.91 min with m/z 610.39 with an
abundance of 9.95 X 107 (Figure 6C). A product peak at 7.67
min was also observed with m/z 610.39 and an abundance of
4.66 X 10° corresponding to the R-epimer. The ammoniated
ergocristinine (S) also had a product peak at 7.91 min with m/
z 610.40 and an abundance of 9.42 X 107 and a product peak
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at 7.67 min with an m/z 610.40 with an abundance of 1.01 X
107. A new product peak at 8.38 min was observed with m/z
608.39 and 626.39 (Figure 6D).

The assessment of the R- and S-epimer standards exposed
directly to NH,OH resulted in complete degradation of the
epimers. Peaks corresponding to ergocristine and ergocristi-
nine (7.67 and 7.91 min with m/z 610) were not present in
each of the samples. Major product peaks of the R- and S-
epimer standards directly exposed to NH,OH are 7.82 min
with m/z 605.37 and 623.38, 7.90 min with m/z 624.37 and
642.37, 8.43 min with m/z 605.38 and 623.37, and 8.54 min
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Figure 7. Extracted chromatogram of epimers exposed to NH,OH. (A) Ergocristine (R) exposed to NH,OH and (B) ergocristinine (S) exposed to

NH,OH.

with m/z 580.34. The ergocristine and the ergocristinine
chromatogram exposed directly to NH,OH do not appear to
differ in product peaks; however, the relative abundance
appears to be different (Figure 7A,B).

B DISCUSSION

Ammonization has had optimistic effects on the reduction of
multiple mycotoxins.”® This study demonstrates that ammonia
alters the total ergot epimer concentration. The total
concentration of all ergot epimers decreased with exposure
to both 2 and 5% ammonia at multiple time periods, resulting
in potential detoxification. Similarly, a study also observed a
decrease in the concentration of the total ergot alkaloids after
ammonization compared to the control groups; however, it
was not significant.'> The authors utilized ELISA for their
analysis, whereas the present study utilized a new method, and
analysis was carried out using UHPLC—MS/MS. Potentially,
the significant data could be a result of the use of a more
sensitive and robust method/instrument and quantification of
the S-epimers. Furthermore, another study used HPLC, and
both ergovaline and ergovalinine were detected on the
chromatogram, thereby utilizing total ergovaline.'* The
authors did not, however, quantify ergovalinine separately.
They observed a decrease in the concentration of total
ergovaline over weeks after exposure to ammonia, with no
effect of ammonia concentration. In the present study, only in
week 3, there was no difference in the total ergot epimer
concentration between the 2 and 5% ammonia groups.
Discrepancies between studies could be attributed to the
instrument usage, analysis of one ergot alkaloid and not six as
conducted in the present study, or the quantification of both
the R- and S-epimers. A different study detected the S-epimers
of ergot alkaloids using a HPLC system coupled to a
fluorescence detector; however, it did not indicate the use of

any S-epimer standards nor quantify the S configuration.’
These authors did not observe differences in concentrations
between ammoniated and nonammoniated groups. However,
their short incubation period of 24 h may provide a rationale as
to why there were no observed changes between groups.
Comparatively, the present study analyzed the effects of
ammonia over a longer time period. In the present study, it
visually appears that the concentration of total ergot epimers
decreases over time with ammonia treatment; however,
temporal trends were not statistically assessed based on
potential instrumental variation and natural changes in ergot
concentration over time. The control groups were therefore
analyzed at each time period to assess the effects of ammonia
at each of the different times, and the changes were not due to
instrumental or natural variability. Further experimentation
would be needed to fully evaluate if ammonia exposure has a
greater effect over time.

The total R- and total S-epimers, separately, in naturally
contaminated grains, behaved differently after exposure to
ammonia. The R-epimers of ergot alkaloids decreased in
concentration, whereas the S-epimers increased in concen-
tration, compared to the control group for both the 2 and 5%
ammonia groups in all weeks analyzed. This observation
suggests epimerization of the R-epimer to the S-epimer. The
pH of the extraction solution for the analysis of ergot alkaloids
is known to influence epimerization.” One study reported that
the occurrence of the S-epimer was a result of the extraction
procedure.'” The present study had a pH extraction solution of
approximately pH 6 for the control groups and pH 8 for the
ammoniated groups; therefore, ammonia may influence the
pH, which may seemingly encourage epimerization. Alkaline
solutions have been said to encourage the epimerization from
the R- to the S-epimer.26 However, an extraction solvent of pH
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8.5 has been utilized to maximize extraction efficiency while
minimizing epimerization.25

To further investigate if the pH influenced epimerization,
the reconstituted solvents for the ammoniated and non-
ammoniated ergot epimer standards were tested using a
Whatman Litmus paper for the pH status. The pHs of both
ammoniated and nonammoniated samples were the same,
while the results of the ammoniated ergot standards suggest
epimerization of the R-epimer to the S-epimer, as indicated by
comparing the chromatograms of the ammoniated and
nonammoniated R-epimer standard. Therefore, ammonization
may contribute to the epimerization of the R-epimer to the S-
epimer and not only be attributed to the pH. However, this
observation would have to be confirmed utilizing different
methods. Regardless, the total R- and total S-epimers
separately may react differently to ammonia, which may be
influenced by specific ergot alkaloids.

Descriptive assessment of the concentrations of each ergot
alkaloid separately indicates that specific ergot alkaloids may be
more susceptible and react differently to ammonia. Ergo-
cornine/ergocorninine, ergocristine/ergocristinine, and ergo-
cryptine/ergocryptinine appear to have epimerized from the R-
epimer to the S-epimer. This is associated with a decrease in
the R-epimer concentration and an increase in the S-epimer
concentration in 1, 2, and 3 weeks of exposure to ammonia.
However, the total concentration of each of these ergot
alkaloids decreased after exposure to ammonia at weeks 2 and
3. The R-epimers, of those ergot alkaloids, may be more
susceptible to degradation/epimerization compared to the S-
epimers. For ergometrine/ ergometrinine, ergotamine/ergota—
minine, and ergosine/ergosinine, in weeks 2 and 3, the
concentrations of both the R- and S-epimers in the ammonia-
exposed groups appear to have decreased compared to the
control group. Likewise, the total concentration of these ergot
alkaloids decreased. Potentially, these ergot alkaloids (R- and
S-epimers) are less susceptible to epimerization after ammonia
exposure than the ones described above. It appears that a
contribution of epimerization and/or degradation occurred
after exposure to ammonia for all ergot alkaloids analyzed.
Analyzing all ergot alkaloids with epimer-specific quantification
and not a single ergot alkaloid or configuration is
supported.' "

Ergot alkaloids may behave differently depending on their
side group.”® Structurally, this could be the rationale behind
the observed differences between ergot alkaloids. Ergocornine/
ergocornine, ergocristine/ ergocristinine, and ergocryptine/
ergocryptinine all have an isopropyl side group on the amino
ring of the chemical structure.'® Ergotamine/ergotaminine and
ergosine/ergosinine both contain a methyl group on the amino
ring structure of the molecule. Interestingly, the ergot alkaloids
with similar side groups reacted similarly to ammonia
exposure. A similar observation was seen after exposure to
heat, ultraviolet light, and different pHs.8 Therefore, the side
groups of the ergot alkaloids may relate to their stability in
terms of epimerization after exposure to various external
factors.

Preliminary assessment of the nonammoniated and
ammoniated ergocristine (R) and ergocristinine (S) standards
suggest ammonia—epimer degradation products after ammonia
exposure. The new product peaks of the ammoniated R- and S-
epimer epimers eluted at the same retention time. The same
retention time between ammoniated epimers suggests that
only one epimer in each of the standards is ammoniated since
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the R- and S-epimers usually elute at different times. However,
the ammonization process may change each of the initial
epimers to the same configuration; therefore, both initial
epimers may be ammoniated and elute at the same time. While
this preliminary research suggests ammonia—epimer adducts,
the occurrence of the ammonia—epimer reaction would need
to be confirmed with other methods and on a larger scale.
Based on the m/z values from the mass spectra of the ergot
epimers exposed to ammonia vapors, or directly to ammonia
hydroxide, it is speculated that ammonia would bind to the
ergot epimers. This hypothesis is based on the chemical
structure of the ergot epimers having multiple electrophilic
centers available for a nucleophilic attack of an ammonia
molecule. It is unknown where the ammonia molecules would
bind and is out of the scope of this study. However, similar
observations were noted with deoxynivalenol (DON)-—
ammonia degradation products,” in which the present study
utilized similar methods. The authors of the DON—ammonia
study created a hypothetical scheme of the addition of
ammonia at a carbonyl group on the DON chemical structure,
which represented the m/z value they observed in their mass
spectra.”” A similar reaction may have occurred in the present
study. The authors also investigated the detoxification
potential of the ammonia—DON degradation products using
an in silico method.”” The ammonia—DON compound was
deemed as less toxic than the parent compound. Potentially,
the suggested epimer—ammonia degradation products may
also be less toxic, but further investigation is necessary.

Factors associated with the decreased ergot concentrations
were based on practical applications, specifically, time and
ammonia concentration. An incubation period of several weeks
was utilized in the present study based on industry
recommendations. In industry, low-quality forage is ammo-
niated for approximately 1—8 weeks depending on temper-
ature.”” Concentrations of 2 and 5% were utilized in the
present study based on a practical application of 3% ammonia
used for low-quality forage.'” Ammonization can increase the
nutritional value in low-quality feed. The process of
ammoniating low-quality feed can be found online.”®

If the low-quality feed is also contaminated with ergot,
ammonization may cause detoxification. Previously, ammoni-
ated ergot-contaminated feed resulted in mitigated toxic effects
in cattle.”® To further assess the detoxification potential of
ammonization, quantification of both the R- and S-epimers of
ergot alkaloids is necessary. Both configurations can cause
adverse effects and are included in feed safety guidelines in
several countries under the European Commission.'”*"*" If
ammonization of ergot-contaminated low-quality feed proves
useful, the agriculture industry would have more available feed
in years of ergot contamination and limited resources. Based
on the present study, ammonization has the potential to be a
practical detoxification method; however, optimal factors to
facilitate ammonization are needed to assess true practicality
on a larger scale.

In conclusion, the ammonization of natural ergot-contami-
nated wheat alters the concentration of the total, R-, and S-
epimer concentrations. Exposure to ammonia caused a
decrease in the total concentration of ergot epimers. However,
the total concentration of R-epimers decreased, whereas the
total concentration of S-epimers increased. Those observations
appear to be influenced by the degradation/epimerization of
specific ergot alkaloids and epimer configurations. Different
ergot alkaloids (R- and S-epimer pairs) appear to behave
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differently after exposure to ammonia, potentially related to
their structural differences. The use of UHPLC-—MS/MS
allows for an updated assessment of the impact of ammonia on
ergot epimers and can quantify both configurations. Ammo-
nization of R- and S-epimer standards suggests the addition of
ammonia molecules to the chemical structure of an epimer.
This may provide a rationale for the decrease in the total
concentration of ergot epimers and supports the hypothesis
that ammonization may contribute to epimerization. Ammo-
nia, utilized in the agriculture industry, could potentially be
useful for ergot detoxification, providing safer feed to livestock
while increasing the nutritional value. Limitations of this study
are the definitiveness of detoxification of ergot-contaminated
grains for livestock consumption, toxicity/fate of hypothesized
epimer—ammonia adducts, the nutritional value of the grain
after ammonization, and low sample size, potentially resulting
in missed noneffects and/or effects. The small scale of this
study was utilized to investigate the potential use of ammonia
to detoxify ergot in a lab setting, which needs to be researched
further in a large-scale real-world setting. Another reason for
the small scale of this study is also the ability to obtain
independent ergot-contaminated samples of the same matrix.
Future research should include a large-scale study to assess the
practicality of ammoniating low-quality ergot-contaminated
feed in a field setting while quantifying the R- and S-epimers of
ergot alkaloids to meet feed guidelines. The effects of ammonia
would need to be tested on the feed material with larger
volumes to investigate if the ammonia reaction occurs. This
research provides knowledge to further investigate practical
ergot alkaloid detoxification mechanisms utilizing ammonia to
ensure feed safety for animal consumption.
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