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Responses to oral methionine supplementation
in sheep fed on kale (Brassica oleracea) diets
containing S-methyl-L-cysteine
sulphoxide

By T. N. BARRY* anD T. R. MANLEY

Invermay Agricultural Research Centre, Private Bag, Mosgiel, New Zealand
(Received 17 January 1985 — Accepted 11 July 1985)

1. Responses to twice-weekly oral supplementation with 4-0 g methionine were measured with lambs (27 kg)
grazing kale (Brassica oleracea) for 10 weeks (Expt 1). In a second experiment with sheep fed on kale at hourly
intervals, rumen fractional outflow rates of CrEDTA and ruthenium Tris(1,10 phenanthroline) markers were
measured from the rates of decline in their concentrations. Rumen turnover of S-methyl-L-cysteine sulphoxide
(SMCO) and of carbohydrate (CHO) constituents were also measured. The kale fed contained 11-4 g SMCO/kg
dry matter and the ratio, readily-fermentable: structural CHO was high at 2-9.

2. Severe haemolytic anaemia, associated with low live-weight gain (LWG), occurred in the lambs during the
initial 5 weeks of grazing, due to rumen fermentation of SMCO. Oral methionine supplementation raised plasma
concentrations of methionine and cysteine, increased wool growth rate, and increased LWG during the initial 5
weeks. Methionine supplementation also increased rumen pool and plasma SMCO concentrations, suggesting
reduced rumen SMCO fermentation.

3. In Expt 2, rumen degradation rate of SMCO (1-2/h) was calculated to be twice as fast as that of the
most rapidly fermented dietary CHO constituents and eight times faster than the rate of water outflow (0-16/h),
thus explaining its virtually complete rumen degradation and toxicity in brassica diets. It was estimated that 1:2
g of each 4-0 g methionine administered would have escaped rumen degradation, due to the high rate of water
outflow from the rumen. .

4. Disappearance rates of CHO constituents from the rumen were as predicted for normal ruminant diets,
showing that rumen metabolisin of SMCO did not have a depressive effect. Hemicellulose disappeared at a slower
rate than the other CHO, suggesting that hemicellulose digestion may be rate-limiting for cell-wall digestion.

5. It is suggested that the responses to oral methionine supplementation can be explained through methionine
reducing rumen SMCO degradation, and through a significant portion of the methionine escaping rumen
degradation.

Nutritional problems causing poor growth in young sheep grazing forage kale (Brassica
oleracea) high in metabolizable energy (ME) (12-5 MJ/kg dry matter (DM)) and total
nitrogen (25-35 g/kg DM) concentration have been investigated, and the prime factor
identified as the content of S-methyl-L-cysteine sulphoxide (SMCO), a free amino acid
closely related in structure to methionine that occurs in all brassica plants (Barry et al. 1982,
19845). SMCO is fermented by rumen bacteria to dimethyl disulphide, which causes
haemolytic anaemia, depressed voluntary intake and consequently depressed animal
growth.

Quantitative digestion studies (Barry ef al. 19844) showed low amino acid absorption
(14%; of ME) in sheep fed on forage kale whilst, in grazing studies with lambs (27 kg) both
oral or intraperitoneal supplementation with methionine produced similar responses in body
growth (Barry & Drew, 1978), suggesting amino acid deficiency to be a further limiting
factor. The objective of the present experiments was to repeat the oral supplementation with
methionine, to see if the result could be confirmed and, if so, whether it could be partially
explained through competitive enzyme inhibition between methionine and SMCO. A
further objective was to measure rumen turnover with a second group of sheep, first to see
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if responses to oral suppleméntation with amino acids could be partially explained by an
increased rate of rumen water outflow (fractional outflow rate; FOR), and second to obtain
a measure of the rate of disappearance of SMCO from the rumen relative to that of
carbohydrate (CHO) constituents and to the rate of water outflow.

EXPERIMENTAL

Animals and diet
Two experiments were conducted using Romney wether sheep fed on forage kale (Brassica
oleracea); the variety N.Z. Medium Stemmed was used in Expt 1 and Maris Kestrel in Expt
2. The kale was used in Expts 1 and 2 about 8-10 months after sowing and was therefore
mature, yielding approximately 14 tonnes DM /ha, with a high SMCO content.

Expt 1

Romney lambs aged 9 months and with a mean initial weight of 27-5 kg were transferred
from grazing ryegrass (Lolium perenne) — clover (Trifolium repens) to grazing kale for a
10-week period. On Monday and Thursday of each week, twenty-four lambs were given
orally 20 ml of a suspension containing 200 g pL-methionine/l, with colloidal silica and
Tween 80 added as the suspending agents (Barry & Drew, 1978). The remaining twenty-four
animals were given orally an equal volume of a control solution comprising the suspending
agents.

Twenty animals from each group were weighed after a 24 h fast at the beginning, mid-point
and end of the experiment. Mid-side wool patches of 122-5 x 122-5 mm were clipped on the
left side at the start of the experiment and wool harvested at the end of weeks 5 and 10.
Blood samples were taken from the jugular vein for haematology determinations at 2-week
intervals from twelve animals per group. During week 2, plasma samples were taken from
four animals per treatment group at 0, 6, 24 and 48 h after oral administration of the control
and methionine suspensions, deproteinized immediately and stored at —20° until analysed
for sulphur-containing amino acids. To ease problems of amino acid analysis, samples were
pooled within treatments at each sampling time, giving eight samples overall.

Both treatments groups grazed together and were allowed liberal access to kale, with the
feeding break changed every 2-S weeks. Sufficient area was offered such that leaves and stem
tips only were consumed. Cages measuring 2-0 x 1:-0 m were put on each break at the
commencement of grazing and, when the grazing of each break was terminated, samples
of kale were taken corresponding to that utilized by the lambs. These were stored at —20°
and freeze-dried.

During week 4, the four remaining animals in each group were drenched with either the
control or methionine-containing suspensions at 16.00 hours and then slaughtered at 09.00
hours the following morning. Total rumen contents were then removed, weighed, samples
taken for DM determination and pH, and a liquid fraction, to be analysed for S-containing
amino acids, was prepared by squeezing through two layers of muslin to exclude large
particles of undigested feed matter, deproteinized and stored at — 20°.

Expt 2
Four Romney wether sheep (547 kg) with rumen cannulas were fed on fresh kale at hourly
intervals (650 g DM/d) for 3 weeks. The complexes of CrEDTA and of ruthenium Tris(1,
10 phenanthroline)-Ru (II) chloride (Ru-phen) were prepared as described respectively by
Binnerts et al. (1968) and Tan et al. (1971). The two markers were mixed, and the pH
adjusted to 6-5. Marker solution was infused at 280 ml/d, to supply 10-1 mg Ru/d and
337 mg Cr/d during the last 5 d of kale feeding. Individual animals were then anaesthetized
with sodium pentabarbitone (May & Baker, UK), the jugular vein and carotid artery cut
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and drained, and the rumen ligated and removed 0, 3-5, 6-5 and 12-0 h after the termination
of the infusion (one animal per sampling time). Total rumen contents were weighed and
samples taken for DM, Ru and Cr, and CHO analysis.

Laboratory methods
Analyses for CHO, N, SMCOQ, S, Ru and Cr were carried out as described previously (Barry
& Manley, 1984). S-containing amino acids in blood plasma and rumen fluid were
determined as described by Barry et al. (1982).

Calculations and statistical analyses
FOR is defined as the proportion of the total rumen content (i.e. pool) that leaves the rumen
per unit time. FOR of CrEDTA and Ru-phen were calculated from the rate of decline in
total quantity of Cr and Ru present in the rumen following the termination of infusion,
using eqn (4) of Faichney (1975). Mean retention time (MRT) was calculated as the
reciprocal of FOR. Regressions were calculated of In (total Ru) or In (total Cr) present in
the rumen (mg) v. time after the infusion ceased, using the points for all four animals.
For CHO constituents, the definition of rumen turnover terms used are:

intake (g/h)

i i FDPR) =
fractional disappearance rate ( I‘{) rumen pool size (g), 4]
fractional degradation rate (FDR) = intake (8/ h)—duode{lal flow (g/h)’ 2
rumen pool size (g)
FOR = duodenal flow (g/h) 3)

rumen pool size (g)

For substances where there is no net synthesis in the rumen and no input into the rumen
other than by diet, then

FDPR = FDR + FOR @

FDPR was measured directly in Expt 2 (eqn (1)). FOR for SMCO was assumed to be
the same as measured for water using CrEDTA, whilst FOR for CHO constituents
(proportion/h) was taken from Barry ez ai. (1984 a; water soluble CHO 0-057, pectin 0-017,
hemicellulose 0-021, cellulose 0-027).

Results collected in Expt 1 were statistically analysed using analysis of variance.

RESULTS
Chemical composition of diet
The kale contained high concentrations of readily-fermentable CHO (water-soluble CHO
and pectin) and low concentrations of structural CHO (hemicellulose and cellulose) and
lignin (Table 1). The kale also contained a substantial proportion of the total N as
non-protein-N, and high concentrations of both total S and SMCO.

Responses to oral supplementation with methionine-containing suspension
Concentrations of SMCO in rumen fluid of control sheep (Table 2) were much lower than
those for other S-containing amino acids. Oral methionine supplementation increased the
size of the rumen water and DM pools, and consistently increased both the concentration
and pool size of the four S-containing amino acids measured, although none of the
differences attained significance (P > 0-05). Of the 4 g methionine administered into the
rumen, some 11 mg remained in solution 17 h later.

Relative to control sheep, those given the oral methionine-containing suspension showed

26 NUT 54
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Table 1. Chemical composition (g/kg dry matter) of diets fed

Expt 2 Expt 1

Soluble CHO 241 300
Pectin 108 ND
Hemicellulose 46 ND
Cellulose 73 ND
Lignin 59 ND
Readily-fermentable CHO: structural CHO 2:93 ND
Total nitrogen 333 18:6
Protein-N (proportion of total N) 0-85 0-52
Total sulphur 85 6-0
SMCO 11-8 11-0

ND, not determined; CHO, carbohydrate; SMCO, S-methyl-L-cysteine sulphoxide.

Table 2. Expt 1. Concentration (umol/l) and pool sizes (mg) of free sulphur-containing
amino acids in the rumen fluid of kale (Brassica oleracea)-fed sheep

(Mean vaiues with their standard errors of the difference (sep) for four animals per group. Values
were determined at slaughter 17 h after oral administration of control or methionine-containing

suspensions)
Control Methionine-supplemented SED
Concentration
Methionine 240 569 20-06
Cystine 486 72-0 25-84
SMCO 7-3 166 12-20
Cysteic acid 486 720 25-84
Pool size
Dry matter (g) 1489 210-0 2991
Water (1) 1-55 1-89 0-181
Methionine 56 16-8 6-11
Cystine 9-5 16-9 6-52
SMCO 1-7 5-4 3-87
Cysteic acid 18-8 326 7-10

SMCO, S-methyl-L-cysteine sulphoxide.

increased plasma concentrations of methionine in samples taken 6 h after administration, in-
creased SMCO concentration in samples taken 6 and 24 h after administration and
increased cystine concentrations in samples taken 24 and 48 h after administration (Fig. 1).
Severe haemolytic anaemia developed in both groups during the initial 4 weeks of grazing
on kale, which reduced markedly in severity between weeks 6 and 10, and which tended
to be slightly, but not significantly, less severe in the lambs drenched with methionine
(Fig. 2).

Rates of live-weight gain (LWG) (Table 3) were low during the first 5 weeks, corre-
sponding to the period of severe anaemia, and were increased approximately 45 g/d by oral
methionine supplementation over this period (P < 0-05). Thereafter, rates of body growth
increased to 145 g/d and were unaffected by methionine supplementation. Wool growth
was increased by methionine supplementation, with the response attaining significance
during weeks 6-10 (P < 0-05).
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Fig. 1. Expt I. Changes in plasma concentrations of methionine, S-methyl-L-cysteine sulphoxide (SMCOQ)
and cystine following oral methionine adminstration to lambs grazing kale (Brassica oleracea) of high
SMCO content. (O), Control lambs: ([J), methionine-supplemented lambs; (), time of methionine
administration.
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Fig. 2. Expt 1. Changes in whole blood haemoglobin concentration in lambs grazing kale (Brassica
oleracea) of high S-methyl-1-cysteine sulphoxide (SMCO) content. Mean initial concentation was 117-2
g/l. (P), Period over which plasma taken for sulphur-containing amino acid analyses; (R), period over
which sheep slaughtered to determine concentration and pool size of S-containing amino acids in rumen
fluid. (O), Control lambs; ((]) methionine-supplemented lambs. Vertical bar represents standard error of
mean averaged over all sampling times.
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Table 3. Expt 1. Live-weight gain (g/d) and wool growth (mg/10* mm?® per d) in lambs
grazing kale (Brassica oleracea)
(Mean values with their standard errors of the difference (sEp) for twenty animals per group)

Period of experiment
(weeks) Control Methionine-supplemented SED

Live-wt gain

1-5 —-63 371 147

6-10 147 140 16-1

1-10 70 89 95
Wool growth

1-5 453 48-4 290

6-10 65-4 81-5 6-73

1-10 543 65-0 4-48

Rumen turnover
In total Cr and In total Ru present in the rumen were related to time (T; h) following the
cessation of the infusion by the relations:

Cr = 4-47 (sE 0-172)—0-155 (sE 0-0244)T, r 0-976 5
Ru = 1-48 (SE 0-33)—0-048 (sE 0-0046)T, r 0-991. ©)

Rumen FOR for CrETDA and Ru-phen were thus 0-16/h and 0-05/h respectively, giving
mean retention times in the rumen of 65 and 20-8 h respectively.

Rumen FDPR was in the order SMCO > water-soluble CHO and pectin > cellulose >
hemicellulose (Table 4), with the value for SMCO being double the rate of disappearance
of the fastest-fermented CHO. Rumen outflow of SMCO was calculated to be zero, whilst
the extent of CHO degradation in the rumen was as predicted for normal grass and legume
diets.

DISCUSSION
Rumen degradation and outflow of methionine
The quantity of methionine administered that was washed out of the rumen undegraded
can be estimated from a knowledge of rumen water volume and its FOR, together with
an estimate of methionine degradation rate by rumen organisms.

Using a rumen water volume of 2-1 litres with an outflow rate of 0-16 litres/h as measured
for kale-fed sheep, and the degradation rate for methionine determined by Chalupa (1976)
with mixed rumen organisms (2-1 g/h for 2-1 litres), it can be calculated that the 4-0 g
methionine per sheep given in Expt 1 would have declined virtually to zero in the rumen
by 1-5 h, with 2-85 g being degraded and 1-15 g being washed into the abomasum with the
rumen water outflow. This is supported by the sixfold increase in plasma methionine
concentration in samples taken 6 h after its administration. As plasma cystine concentration
was increased for up to 48 h after methionine supplementation, it seems that the treatment
increased the amount of cystine available to the animal over a longer time-span, and this
is supported by the increase in wool growth, a process limited by cystine supply (Reis, 1979).
The rather slow response in measured wool growth (Table 3) can be explained by the time
required for wool synthesized in the follicle to pass through the skin and reach a height
where it can be cut.

ssa.d Ajsssnun abprique) Aq auljuo paysiignd 1910586LNIE/6£01°01/B1010p//:sd1y


https://doi.org/10.1079/BJN19850161

https://doi.org/10.1079/BJN19850161 Published online by Cambridge University Press

759

Responses to methionine

‘(6L61) uedqg 2 nei|n jo suonenba sy oyur (861 v 12 Aueq) Aipqnsadip juaredde Sunaosur Aq pauie)qo sanjea pajoIpald |l
*{ 3dxq ut desys [0JJUOS 10] PAINSEIW SB PINY uswmni uf Sur /.1 Jo azis [ood pue Kpnys Juasaid ay) ur Y LHILD JOJ PINseaw se dures YO Surunssy §
*Aprys juasaid w1 painsesw sazis jood pue (pp8g] ‘Jv 12 Aireg) JUANIHSUOD Yoed 10§ (WO.J) 918l mopino [euonodel) Suisn pajemore) 1

“UBOUI JLIPWOS0) 4
‘suonorly pmbry pue prjos ul juesald Auenb [ejoy,
“aje1 souereaddesip feuonoesj “4dad

(uaes 3/3)

— 001 —  l¥6-0) s6- —  (6-0) 160 — Lo cLo —  l(s-0)18-0 {uonepeisop uswmu parenore)

—  §10-0 > — L€ — $-€1 — I-8 — S6 (p/3) tmopno uswms pajernofe)

7900  0CT1 $09-0 199-0 6500 190 ¥00-0 80-0 $50-0 81-0 (4/uonzodoid) Yddd

100 STO SL€ 8L LL-O 1-01 0L-0 0-91 1254 9-¥1 (8) 4lo0d usuminy

1z0 L wl $-1L £8-¢ €651 €L-0 £-0¢ LY S-8% (p/3) axeryg
a8 U a8 UBIN a8 TR as UBIN a8 UvON

Omvzm wﬁﬁou.m Qauvhsonhwo Omog——oo_:uum 803:00

2quos-1ajem

(s[ewIIue In0J JOJ SIOLIS PIBPUEIS JIOY) YIIM SON[eA UBSIA)
(eaoeiajo vOISSRIG) 9Py UO paf dasys ut uawnt 3y}
wotf (0D WS) aprxoydns auia1s0r-1-jAy1ow-§ pun sa1pipAyoqind Jo mogfino paidnpaid pup ‘UoypiwmodD ‘ayviul ayJ "z 1dxy p dqe],


https://doi.org/10.1079/BJN19850161

760 T.N. BARRY AND T. R. MANLEY

Rumen degradation and outflow of SMCO and of CHO

SMCO is fermented by mixed rumen organisms to dimethyl disulphide (Smith, 1974). The
zero rumen outflow, confirmed by direct duodenal measuremient (Barry et al. 1984 a), gives
an FOR of zero and FDR equal to the FDPR of 1:20/h (eqn (4)). The extreme toxicity of
SMCO in kale diets is therefore explained by its very rapid rate of degradation in the rumen
per unit time, which is 7-7 times faster than its rate of outflow (water FOR) and
approximately twice the FDR found by Barry et al. (19844a) for water-soluble CHO and
pectins (0-6/h), the most rapidly fermented CHO components in sheep fed on kale diets.

Oral methionine supplementation probably reduced this high rumen SMCO degradation
in Expt 1, as judged by the increased rumen SMCO pool, the rise in plasma SMCO
concentration following methionine administration, and the less-severe anaemia and
increased LWG of methionine-drenched sheep during weeks 1-5. Absorbed SMCO is
metabolized to carbon dioxide by the formate pathway in mammals (Case & Benevenga,
1977) and is unlikely to depress animal growth. Very low rates of LWG during the first
5 weeks, coinciding with the period of severe haemolytic anaemia, is a characteristic of
feeding all brassica diets (Nicol & Barry, 1980), and was exceptionally severe in Expt 1
presumably due to the high SMCO content of the kale fed. The greater rumen DM and
water pools in sheep receiving oral methionine suggest that this treatment ‘may have
increased LWG through stimulating voluntary DM intake.

As the proportion of each carbohydrate digested in the rumen was almost exactly as
predicted by Ulyatt & Egan (1979) for normal ruminant diets, it seems that dimethyl
disulphide production in the rumen did not reduce the activity of CHO-digesting enzyme
systems in the rumen. Also, with this brassica diet where the apparent digestibility of
structural carbohydrate exceeds 909/, it seems that hemicellulose digestion is rate-limiting
for cell-wall digestion in the rumen, probably due to bonding with lignin.

In conclusion, the present study has confirmed that an oral supplement of methionine
increases both LWG during the severe haemolytic phase and wool growth in young sheep
grazing Brassica oleracea containing high concentrations of SMCO. It is suggested that the
responses can be explained through methionine reducing rumen degradation of SMCO, and
by a significant portion of the methionine being washed undegraded into the abomasum
due to the high FOR of water from the rumen.

The authors acknolwedge technical assistance by Mr S. J. Duncan, Mrs R. W. Harrex,
Mr A. W. Williams, Mr B. A. Vennvliet and Mrs J. Crosbie. Professor G. Peterson,
Department of Biochemistry, Otago University is thanked for permitting the use of the
Department’s amino acid analyser.
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