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Stability of Pyrrolizidine Alkaloids in Hay and Silage

U. Candrian, J. Lithy,* P. Schmid, Ch. Schlatter, and E. Gallasz

The stability of pyrrolizidine alkaloids (PAs) in hay and silage samples with various amounts of Senecio
alpinus L. was studied. While the PA content in hay remains constant over months, the PAs in silage

were found to be destroyed to a great extent, but the degradation of PAs was much less complete in
the lower concentration range. A quantitatively important PA-degradation product in silage was identified
as retronecine. A second PA-derived compound was tentatively identified by GC-MS as a dehydratation
product of retronecine with a M* = 137. Silage with a S. alpinus percentage of 3,523 still contained
macrocyclic PAs in a concentration of ca. 20 mg/kg wet weight. Such a silage cannot be recommended

as a safe fodder for cattle.

Plants containing pyrrolizidine alkaloids (PAs) are re-
sponsible for increasing animal health problems in various
countries all over the world (Bull et al., 1968; Johnson,
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1979; Luthy et al.,, 1981). The fate of PAs in silage is a
controversial point in literature: Vardiman (1952) reported
that the toxicity of silage made from Senecio ridellii is
greatly reduced or even nontoxic to calves. On the other
hand, Donald and Shanks (1956) described a massive
outbreak of ragwort poisoning in England with cattle fed
on silage containing ragwort. However, in both cases no
chemical analysis on PA content was performed.
According to a recent analysis Senecio alpinus L. con-
tains nine different PAs with seneciphylline (see Chart I)
as the major component and with a total PA content in
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Chart I. Structures of the Most Important Pyrrolizidine
Alkaloids Present in Silage Prepared from S. alpinus: 3,
Seneciphylline; 6, Platyphylline; 7, Jacobine; 9, Jacozine
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the range of 0.3-0.45% of the dry weight (Liithy et al.,
1981). In the present paper we report on the stability of
PAs in hay and silage samples containing different
amounts of S. alpinus L.

EXPERIMENTAL SECTION

Materials. Preblooming samples of Senecio alpinus
were collected in alpine meadows near Sérenberg (Switz-
erland) in June. One batch of these plants (10% dry
matter content) was dried at 60 °C immediately after
collecting, milled, and mixed with various amounts of
identically prepared grass/clover (16% initial dry matter
content). The PA content of these greenfodder samples
was determined. A second batch of S. alpinus was air-
dried to hay for 4 days (79% dry matter content) and
further dried at 60 °C, milled, and mixed with various
amounts of dried grass/clover.

A total of five different mixtures of S. alpinus and
grass/clover were ensiled, without additive, in 1.5-L gas-
tight laboratory silos equipped with a valve during 114 days
(dry matter content ranging between 19 and 33%). The
gas loss of the samples during the silage process varied
between 3.9 and 4.5% of the dry matter content. All
samples were stored at —24 °C until analyzed.

Analytical Methods. The methods used (an ex-
hausting extraction with methanol, separation, and esti-
mation of the alkaloids by TLC, GC-FID, and GC-MS,
respectively) have been already described (Luthy et al,,
1981; Brauchli et al.,, 1982). The amounts of free alkaloids
and N-oxides, after reduction with zinc dust, were deter-
mined separately.

Apparatus. For the gas chromatography a GC Carlo
Erba Fractovap 4160 was used with a temperature pro-
grammer, LT Model 400, and a 20-m SE-54 capillary
column with hydrogen as the carrier gas. The temperature
program was injector 250 °C and column 200 °C for 1 min
and 5 °C/min until 250 °C.

GC-MS was performed on a Finnigan Model MAT 4500,
with the Incos data system, using the same GC system as
before, but with He as the carrier gas. The temperature
conditions for the detection of retronecine were as follows:
injector, 260 °C; column, 140 °C for 1 min and 6 °C/min
until 260 °C. The mass spectrometer had an ionizing
voltage of 70 eV and an ion source temperature of 120 °C.
An authentic sample of seneciphylline was used as a
standard for the quantitation of the alkaloids.

RESULTS AND DISCUSSION

The amounts of PAs found in hay, greenfodder, and
silage samples in relation to the percentage of S. alpinus
are shown in Tables I and II. It is obvious that PAs in
hay and dried greenfodder remain fully preserved where

Candrian et al.

Table I. PA Content in Dried Greenfodder and Hay (Dry
Matter) Prepared with Various Amounts of S. alpinus L.

amount of
% of total PAs,
S. alpinus mg/kg
sample in dry matter dry matter
greenfodder 100 4000 = 1360
greenfodder 50 2630 = 530
hay 50 3180 + 320
greenfodder 30 1750 £ 630
greenfodder 10 640 £ 103
hay 10 485 £ 120
greenfodder 5 316 £ 63
greenfodder 3 197 £ 30
greenfodder 1 78 £ 24
greenfodder 0.5 26 £ 3
greenfodder 0.2 131

Table II. PA Content of Silage Samples Prepared with
Various Amounts of S. alpinus L.

amount of total PAs

mg/kg mg/kg % of
% of wet dry initial
S. alpinus weight weight PAs
100 3Bx7° 183 £ 35° 4.5
41 397 149 + 25 9.1
23 23+ 4 79+ 13 8.6
7 17£2 55 £ 8 19.6
3.5 214 64 £ 13 45.7
0 0 0

¢ A GC~-MS analysis of the PAs in this sample is shown in Figure

10:00 12:30 15:00 17:30 min
Figure 1. Separation of an alkaloid extract from a silage sample
prepared from S. alpinus L. by capillary GC-MS. Injector 250
°C; column 100 °C for 1 min and 10 °C/min until 220 °C.
Numbers of the peaks correspond to those in Table III and Chart
I. Peaks 4, 10, and 12-15 were not and peak 6 was in trace
amounts only detected in samples of fresh S. alpinus (Lithy et
al., 1981).

as the PAs in silage are destroyed to a great extent during
the fermentation process. However, the degradation is
much less complete in the lower concentration range. The
ratio of free alkaloids/N-oxides is generally >1 in silage
and <1 in hay and dried greenfodder. The relatively large
errors of the PA determinations are due to the inhomo-
genicity of the analyzed material as well as the chosen
analytical procedure.

Bradbury and Willis (1956) studied the degradation of
PAs from Senecio jacobaea L. under acidic conditions
(conditions similar to those during the silage fermentation)
and found that jacobine, jaconine, and jacoline are hy-
drolyzed to retronecine and the corresponding dicarboxylic
acids. Mattocks (1982) has reported an enzymatically by
esterase-catalyzed hydrolysis of PAs to retronecine as an
important detoxification mechanism. GC-MS of extracts
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Table II1. Alkaloid Composition of a Silage Sample
Prepared from S. alpinus As Determined by Capillary
GC-MS

rel.
abund-

peak ance,

no. compound M+ %
1 isomer of senecionine® 335 0.9
2 senecionine 335 2.2
3 seneciphylline 333 47.6
4 platyphylline or isomer® 337 0.5
5 integerrimine 335 0.9
6 platyphylline or isomer® 337 11.9
7 jacobine 351 38

8 O-acetylseneciphylline 375

9 jacozine 349 17.7
10 jacoline 369 4.8
11 jaconine 387 2.0
12 water adduct of jacozine® 367 6.2
13 unknown® 381 0.9
14 acetate adduct of jacobine® 411 0.2
15 acetate adduct of jacozine® 409 0.9

total macrocyclic PAs: 35 mg/kg wet weight
retronecine: 11 mg/kg wet weight

¢ Tentative identification.

of silage samples containing S. alpinus indeed showed a
peak with the same retention time and the same frag-
mentation pattern as retronecine: m/e (rel intensity) 156
(2), 155 (18), 130 (7), 111 (50), 107 (9), 97 (8), 94 (16), 83
(10), 80 (100), 68 (18), 56 (38), and 53 (12) (Neuner-Jehle
et al., 1965). A second PA-derived compound was tenta-
tively identified by GC-MS as a dehydration product of
retronecine with M* = 137. Both compounds were not
found in silage prepared without S. alpinus. A GC-MS
of the macrocyclic PAs remaining in silage prepared from
100% S. alpinus is shown in Figure 1 and Table III.
Quantitatively most important are seneciphylline (47.6%
of the total PAs) and jacozine (17.7%). The peaks not seen
when analyzing the fresh plants are no. 10 (jacoline), 11,
and 14, which are likely formed from jacobine, and the
probably jacozine-derived peaks no. 12 and 15.

Data presented do not suggest the safety of silage con-
taining ca. 20 mg of PAs/kg wet weight. A 600-kg calf eats
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about 30 kg of silage/day; from these data one may cal-
culate a daily intake of ca. 1 mg of PAs/kg body weight.
Johnson (1979) found in an extensive feeding study with
S. jacobaea that the minimum lethal dose for cattle is
between 1 and 2 mg of PAs (kg body weight)! day™ when
fed for several weeks. Unfortunately, no exact determi-
nation of the individual PAs has been performed in that
study. Earlier reports have shown that the major PAs in
S. jacobaea are jacobine, seneciphylline, senecionine, and
jacozine (Roitman et al.,, 1979, and references cited
therein). Even with the assumption that the toxicity of
the PA-degradation products in silage is negligible, the
safety margin is not high enough to recommend the use
of silage containing even only a few percent Senecio plants
as fodder for cattle.

Registry No. Senecionine, 130-01-8; seneciphylline, 480-81-9;
platyphylline, 480-78-4; integerrimine, 480-79-5; jacobine, 6870-
67-3; O-acetylseneciphylline, 90341-45-0; jacozine, 5532-23-0; ja-
coline, 480-76-2; jaconine, 480-75-1; retronecine, 480-85-3.
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