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BR Thompson*, DR Stevens, MA Petit and GW Asher

AgResearch, Invermay Agricultural Centre, Private Bag 50034, Mosgiel

*Corresponding author: Email: bryan.thompson@agresearch.co.nz

Abstract
Reproductive wastage is a significant cause of productivity loss in New Zealand deer herds. This study investigated the impact 
on reproductive performance of red deer hinds fed swedes over winter. Forty rising-two-year-old and 40 mixed-aged pregnant 
hinds were drafted into two groups each and grazed for 100 days over winter on either a swede forage crop or pasture. Hinds 
were blood sampled regularly, weighed fortnightly and pregnancy scanned monthly. Blood samples were analysed for blood urea 
nitrogen and indicators of liver damage. Swede forage crops were sampled for nutrient and glucosinolate concentrations. No 
significant differences in hind foetal loss were found between the two wintering systems or two age classes. Swede glucosinolate 
concentrations levels were above thresholds considered dangerous for animal consumption but no liver damage was observed. 
Blood urea nitrogen levels did not differ between the swede- and pasture-fed hind groups until day 80, which was 10 days after 
the swede groups were transferred to another swede crop, when blood urea nitrogen levels were significantly lower in the swede 
groups. This research indicated that grazing on swedes did not influence reproductive wastage in this instance. However, the effect 
of low protein intake over an extended period during pregnancy needs to be investigated further.  
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Introduction
Reproductive wastage within herds of red deer 

(Cervus elaphus) hinds is a significant cause of lost 
economic potential for the New Zealand deer-farming 
industry (Asher & Pearse 2002; Asher & Cox 2013).  
Research has generally focused on two main areas of 
reproductive wastage, conception failure and peri-natal/
post-natal calf mortality (Audige et al. 1998; Beatson et al. 
2000).  However, recent research has indicated that foetal 
loss (abortion) is a potential contributor to the overall 
reproductive wastage being measured on farm (Patel 2016). 
Survey data indicate that average losses from abortions 
in red deer herds is relatively low (<3% of pregnancies), 
but incidence varies considerably across farms and years, 
exceeding 15% in rising-two-year old (R2) hinds on some 
properties (Patel 2016). On one of these properties, the 
R2 hinds also showed signs of ill-thrift and ‘bottle jaw’ 
(oedematous swelling of the lower jaw potentially caused 
by low levels of protein in the blood). These hinds were fed 
on a forage crop of swedes (Brassica napus) during winter 
and it was hypothesised that the high incidence of abortions 
may have been related to an extended period of time on 
a low protein diet or that the secondary plant metabolites 
(glucosinolates) had a direct effect on the pregnancy state 
of the hinds. Retrospective enquiry into the other known 
examples of high abortions rates (>15%) showed that all 
farmers had fed hinds on brassicas, principally swede, 
in winter. Furthermore, when one of the affected farms 
subsequently changed to a pasture-based wintering system, 
the overall reproductive performance (i.e. weaning rate) of 
the R2 hinds in the subsequent years increased by nearly 
20% without any marked change in average pre-rut (mating) 
hind live weight between years (Asher & Cox 2013).

These findings led to the central hypothesis that long-

term exposure to swede forage-crops as a primary food 
source during winter increased the chances of abortion in 
red deer hinds, particularly R2 hinds.  Secondary hypotheses 
as to the cause of this effect, if proven, were that (1) protein 
levels of swede crops are insufficient to support pregnancy 
causing foetal death, and (2) a direct toxic effect of plant 
secondary compounds, namely glucosinolates, causing 
foetal death. 

Methods
This trial was carried out on the AgResearch Invermay 

Deer Farm over the winter of 2016 and was approved by the 
AgResearch Animal Ethics Committee (AE13740). Forty 
R2 and 40 mixed-aged (MA) hinds that had previously 
been scanned pregnant by rectal ultrasonography in mid-
May were transferred to winter feeding paddocks on 25th 
May 2016.  The hinds were drafted into four separate 
groups, two R2 and two MA groups.  They were balanced 
for live weight within each age class. One group each of 
the R2 and MA hind groups were separately grazed on 
pasture (with pasture balage supplementation ~20% of dry 
matter allocation) for the duration of the study (25 May 
to 26 September 2016) with an allocation of 2.4 kg DM/
hind/d. The remaining two groups were allocated to graze 
swede crops (cv. HT Swede from 25 May to 15 August and 
cv. Triumph from 15 August to 16 September) until the 16 
September at which point they were transferred to pasture 
until the final weight and blood sample (26 September). 
Hinds were transitioned onto swedes by increasing the 
proportion of swedes in their diet over a 9 day period at 
which point they were on a swede only diet. Swedes were 
allocated by electric-fence sub-division of paddocks into 
3-5 day breaks with an allocation of 2.2 kg DM/hind/d with 
no supplementary feed. 
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Starting on 30 May, hinds were yarded approximately 
every five days for the first 25 days, and then fortnightly 
thereafter to be weighed and blood sampled. They were 
re-scanned by rectal ultrasonography on 20 June, 18 July 
and 15 August, with a final scan by flank ultrasonography 
on 12 September to assess sequential loss of foetuses 
during the study. Blood samples were analysed for serum 
concentrations of blood urea nitrogen (BUN) to assess hind 
protein intake, and the hepatic enzymes gamma-glutamyl 
transferase (GGT) and glutamate dehydrogenase (GLDH) 
to assess liver injury from hepatotoxins using automated 
and standardized enzymatic colorimetric assays by Gribbles 
Veterinary, Dunedin. The serum concentration thresholds 
for diagnosis of liver injury were established as two or 
more consecutive samples above 200 U/l for GGT, and 
150 U/l for GLDH (Gribbles Animal Health Laboratories, 
Dunedin, NZ). 

The swede forage-crops were sampled to determine 
their dry matter (DM) yields, leaf to bulb ratio, feed quality 
and glucosinolate content. Pre-grazing crop yields were 
estimated by harvesting up to six quadrats (1 m2) in the 
area due to be grazed over the following fortnight.  All 
harvested plant material was weighed and a representative 
sub-sample of both swede leaf and bulb from 3-4 plants 
collected for further processing to determine DM content.  
The swede sub-sample was weighed and dried in a fan-
forced oven at 85oC until a constant weight was reached. 
Feed-quality samples were collected from both the leaf and 
bulb of the swedes monthly, dried at 60oC for a 48-hour 
period and sent to Massey University Nutrition Lab for 
feed quality analysis. Samples were ground to pass through 
a 1 mm sieve prior to NIR analysis for crude protein (CP), 
neutral detergent fibre (NDF), acid detergent fibre (ADF), 
lipid, soluble sugars and starch (SSS) and metabolisable 
energy (ME). Swede leaf samples were harvested at every 
animal bleeding event (every five days for the first 25 
days and then fortnightly thereafter) and transferred to a 
-20oC freezer within 10 minutes of collection and stored 
until the end of the trial.  These samples were sent frozen 
to Hill Laboratories in Hamilton for chemical analysis of 
glucosinolates and were extracted into a methanol solution, 
centrifuged, filtered and diluted before being analysed 
by LC-HRAM-MS.  Analytes were quantitated against 
reference material where available, or reported as sinigrin 
equivalents (semi-quantitative analytes).

To compare leaf-to-bulb ratios of glucosinolates, 10 
swede plants were also collected on 27 July, frozen and sent 
to Hill Laboratories and processed as above. 

Pasture samples were collected from multiple paddocks 
once during the trial by harvesting representative quadrates 
within a paddock down to 1 cm height.  Samples were then 
assessed for feed quality as for the crop samples. Balage 
samples were collected from multiple bales throughout the 
trial and processed as above.

Statistical analyses
In the absence of an observable impact on foetal 

wastage statistical analysis investigated within-treatment 
and age-group variation for monitored parameters that 
may indicate impacts of swede feeding. Live weight, 
BUN, GGT and GLDH were compared between treatment/
age groups using restricted maximum likelihood as 
implemented in GenStat 17. The data was log transformed 
due to heterogeneity in the variance of the data. 

Results
A number of animal health issues were encountered: a 

MA hind was transferred to the R2 groups due to bullying 
by herd mates, and 2-3 hinds in each swede group sustained 
foot injuries and required treatment with antibiotics. An 
animal was subsequently euthanised due to an ongoing 
infection and the data for this individual were removed 
from subsequent analyses.

During the course of the study only two hinds exhibited 
foetal loss, one MA hind in the pasture group and another 
MA hind in the swede group (both first scanned ‘dry’ on 
20/06/2016).

Mean live weights at the start (Day 0) and end (Day 
120) of the study did not differ between swede and pasture 
groups within respective age groups (P>0.05). However, 
for both age groups, swede-based feeding was associated 
with initial live-weight losses, this being particularly 
pronounced for the MA hinds over the first 50-60 days 
(Figure 1). Subsequent live weight recovery after Day 60 
was apparent for both age groups, eventually matching the 
respective hind groups on pasture-based feeding by Days 
90-100 (Figure 1). 

Mean BUN concentrations, indicative of relative 
protein availability, were not significantly different among 
the four groups until Day 80 of the study, which was 10 
days after transfer of the swede-based groups to the second 
swede crop (Figure 2; P>0.05). Thereafter, until Day 120, 
mean BUN concentrations were significantly lower for 

Figure 1 Mean live weights of the mixed-aged (MA) and 
rising-two-year-old (R2) hind groups grazing pasture or 
swedes during the study period (30 May-26 September 
2016).
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the swede-based groups than for the pasture-based groups 
(P<0.05). Mean BUN concentrations at Day 120, 10 days 
after the swede-based group were returned to pasture, did 
not differ between treatment groups (P>0.05).

Swede bulb crude protein (CP) content over the 
majority of winter averaged 16.6%, ranging from 11.6 
to 20.1%.  In contrast the second crop that was grazed in 
late winter had an average CP content of only 8.8%. CP 
content estimations of the swede leaves averaged 24.6% 
and did not vary between crops. The leaf to bulb ratio did 
differ between the two crops with leaf accounting for on 
average 40% of the dry matter available in the first crop and 
only 10% in the second crop. Metabolisable energy (ME) 
density of the swedes averaged 11.5 MJ ME/kg DM and 
did not vary between leaf and bulb, nor between crops. 

Pasture and balage average CP contents were 17.7 and 
13.7% respectively while ME density averaged 9.1 and 
10.7 MJ ME/kg DM respectively.

Total glucosinolate concentrations in the leaf of the 
swedes averaged 39 µmol/g dry weight (ranging from 34 
to 50 µmol/g dry weight) and did not change during the 
season, nor did it differ between crops. Total glucosinolate 
concentrations in bulbs averaged 35 µmol/g dry weight.  

In general, serum GGT and GLDH concentrations 
indicated no evidence of liver damage resulting from 
winter feeding of swedes. For GGT (Figure 3), serum 
concentrations were highest at the start of the study 
(Days 0-30) but were well below the threshold of 200 U/l 
indicating liver damage. Subsequent serum concentrations 
declined progressively to reach basal levels of 20-30 U/l 
by Day 80. One MA hind from the pasture group showed 
a GGT spike of 382 U/l on Day 82 but this was considered 
an aberrant event unrelated to any chronic liver injury (this 
was therefore excluded from analysis).  One R2 hind from 
the pasture group showed elevated GGT levels for the 
duration of the trial ranging from 75 U/l up to 428 U/l. 

For GLDH (Figure 4), serum concentrations were 
more variable during the course of the study, but at no time 
were there any significant differences between hind groups, 
and levels remained well below the 150 U/l threshold 
considered indicative of liver damage. However, one MA 
hind grazing swedes showed a GLDH spike of 288.5 U/l on 
Day 54, which was excluded from the statistical analysis, 
as it was again considered to be an aberrant event unrelated 
to any chronic liver injury. 

Discussion
The present study did not show any significant 

negative reproductive effects of feeding swedes to pregnant 
hinds during winter. Overall abortion rates measured in this 
study were <5%, which was marginally above the reported 
industry rates of <3% (Patel 2016). This result does not 
negate the central hypothesis, but simply indicates that 
under the conditions of the reported trial the swede forage 

Figure 2 Mean loge blood urea nitrogen (BUN) 
concentrations of the mixed-aged (MA) and rising-two-
year-old (R2) hind groups grazing different winter feed 
during the study period (30 May-26 September 2016). The 
arrow marks the transfer of the swede groups to another 
crop of swedes.
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Figure 3 Mean loge serum gamma glutamyl transferase 
(GGT) concentrations of the mixed-aged (MA) and rising-
two-year-old (R2) hind groups grazing different winter 
feed during the study period (30 May-26 September 2016).
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  284 Figure 4 Mean loge serum glutamate dehydrogenase 
(GLDH) concentrations of the mixed-aged (MA) and rising-
two-year-old (R2) hind groups grazing different winter 
feeds during the study period (30 May-26 September 2016)
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crops used had not attained a status detrimental to hind/
foetal health, despite the fact that potentially toxic levels of 
glucosinolates were measured in the swede crops. 

The secondary hypothesis that CP content of swede 
forage crops is sometimes insufficient to maintain viable 
pregnancy is based on numerous studies that have 
demonstrated highly variable CP content of some brassica 
forages (Dalley et al. 2017; Westwood & Mulcock 2012), 
influenced by leaf-to-bulb ratios, cultivar and species. 
Protein insufficiency, leading to ill-thrift and reproductive 
disorders, has been observed in other ruminant species 
under long-term (>100 days) brassica forage feeding (Barry 
2013). In this present study, there is a strong indicator that 
such a situation may occur occasionally for red deer. While 
the first swede crop assayed with a CP content (~20%) that 
meet animal requirements and maintained average hind 
blood urea levels in the normal range (6-10 mmol/l), the 
latter crop assayed with low CP content (8.8%) and much 
lower leaf to bulb ratio and was associated with a profound 
drop in hind blood urea levels (2-5 mmol/l). Clearly, this 
level and duration of protein deficiency was insufficient 
to induce foetal loss at this time, but does demonstrate 
the variable nutritive value of individual swede crops 
that can affect physiology of red deer hinds. The question 
remains as to whether protracted periods of dietary protein 
insufficiency might negatively affect foetal development. 

Mean live weight in both R2 and MA hinds declined 
over the first two months on the swede forage crop relative 
to the pasture-fed hinds, but increased progressively from 
about Day 60 to attain similar mean live weights for 
respective age groups by the end of swede feeding. At 
least some of the initial liveweight loss may be explained 
by unexpected health issues related to foot injury/infection 
in 10 and 15% of the animals in the R2 and MA groups 
respectively during the initial stages of swede grazing. 
Consideration is also given that the transition period from 
pasture to swede may not have been of sufficient length 
for full ruminal transition/adaption considering the lack 
of supplement in this system. It is common practice to 
feed deer on swedes alone over winter without the use of 
supplement and generally with very little transition period. 
In this instance we wanted to replicate some of these 
management decision into our trial to mirror practices used 
on farm. Successful transition has been demonstrated in 
dairy cows over a period of 7 days, however this is with the 
use of supplement (Edwards et al. 2014).  

The secondary hypothesis that glucosinolates within 
forage swede crops influence foetal death in red deer is 
based on previous studies that have demonstrated direct 
negative effects on animal performance and ill-health when 
grazed on swede crops (Barry 1978; Barry 2013; Tripathi & 
Mishra 2007). High levels of glucosinolates is also believed 
to be the principle cause behind the recent spate of dairy 
cow productivity/mortality issues observed in Southland 
in 2014 (Dalley & Petch 2016). In the present study, 
glucosinolate concentrations assayed in the swedes fed to 
hinds (ranging between 18 and 61 µmol/g dry weight for 

the leaves and bulbs) were above concentrations considered 
to be clinically toxic to other livestock species (11 and 
15 µmol/g dry weight for cows and sheep, respectively) 
(Gustine & Jung 1985; Tripathi & Mishra 2007). However, 
the concentrations of GGT and GLDH hepatic enzymes, 
which when elevated indicate acute liver damage from 
heptotoxins such as glucosinolates, remained well below 
thresholds considered indicative of injury (Figures 3 and 
4). Interestingly, mean GGT and GLDH levels for hinds 
were higher (but well below injury threshold levels) at 
the start of the study than at the end of the swede-grazing 
period. The reasons for the earlier elevation are unclear 
but may be related to the other hepatotoxins encountered 
prior to the start of the present study that have led to sub-
clinical liver injury (e.g., endophyte toxins in ryegrass). 
These results indicate that either, red deer are relatively 
tolerant to glucosinolates in their diet compared with other 
ruminants (e.g., dairy cattle), or the sampling procedure 
and laboratory tests for glucosinolates has over-estimated 
actual levels in the crops. 

In summary, this study was unable to replicate high 
proportions of abortions during winter feeding of pregnant 
red deer hinds on swede forage crops. This does not, 
however, negate the primary or secondary hypotheses 
because the crops used in the study did not fall below CP 
content thresholds required to induce long-term protein 
insufficiency, nor did they generate glucosinolate levels 
sufficient to induce direct toxic effects in red deer hinds. 
It is recommended that future research investigates the 
impact of low-protein intake over an extended period 
during pregnancy on foetal development.
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