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Preliminary study to determine the threonine
requirement of specific humoral immune
response in rearing ducks
Veronika HALAS 1, Zsolt SZEGEDI 2, József NAGY 3

ABSTRACT
Dietary threonine supply is reported to determine the quality of immune response in challenged animals, however,
few data on threonine requirement of ducks is available. Therefore, the aim of the present trial was to study specific
humoral immune response of ducks fed surplus threonine (+15 or +30%) above to the recommendation of the breeding
company. For that purpose a total of 1050, 7 weeks old breeding ducks were used in the trail. The birds were assigned
into 3 groups and fed with a commercial growing duck breeder diet supplemented with different doses of threonine.
Dietary threonine levels were 0.59, 0.68 and 0.77 g per kg of feed. The body weight and feed intake of the birds were
controlled weekly. All birds were immunized by live, freeze dried duck plague virus (Duck herpesvirus 1 ) at 16 and 20
weeks of age. Blood samples for virus neutralization (VN) tests were taken from 14 birds per treatment just before the
first immunization (week 16), 2 weeks after (week 18) and 2 weeks after the 2nd immunization (week 22).
Our data show that the specific humoral immune response to duck plague virus tended to be higher in birds fed
surplus 15% threonine (P = 0.083). Higher supply, however, resulted in no difference in VN test compared to the group
fed with the recommended dietary threonine level. Therefore it can be concluded that elevated dietary threonine supply
boosts the immune defense of rearing ducks, however, the supplementation of surplus dietary threonine needs some
caution.
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1

Introduction

Threonine is required primary for maintenance
purposes (Fuller et al., 1989). Epithelial cells and mucus
protein contain relative high amount of threonine (28–
35%, according to Nichols and Bertolo, 2008), as well
as it is one of the main components of IgG (Smith and
Greene, 1947). It has been reported in pigs that at sufficient threonine supply, 40–50% of ingested threonine
is directly used in the gut by epithelial cells; however,
this value can be even 90% if dietary threonine content
is limited (reviewed by Stoll, 2006). As reviewed by Wang
et al. (2009) under inflammatory condition threonine
availability may become limited for the synthesis of in-

testinal mucins. However, according to results of Faure et
al. (2007) from rat study, increased threonine supply can
promote mucin synthesis and equilibrate the gut microbiota to support intestinal barrier functions.
Some data from broiler studies suggest that under
low hygiene condition chickens need higher Thr to Lys
ratio in their feed for the maximal growth performance
(Kidd et al., 2003; Corzo et al., 2007). Moreover, Bikker
et al. (2006) found that the average daily gain of growing
and fattening pigs (25–110 kg) improved when the NRC
(1998) recommended Thr to Lys ratio increased from
56% to 70%, and pigs fed antibiotic free diet with 70%
of Thr to Lys ratio did grow with the same rate as pigs
received diets supplemented with antibiotic growth pro-
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moter (30 ppm Salinomycin). Therefore, it can be concluded that under antibiotic free feeding the threonine
requirement of farm animals should be reconsidered
(Halas et al., 2006).
Li et al. (1999) showed that increasing dietary threonine level above the requirement for the maximal growth
enhanced the humoral immune response, particularly
the IgG production in young swine. It has been reported
that threonine supply determines the quality of immune
response in challenged animals. Furthermore, increasing
dietary threonine supply enhanced antibody production, serum IgG levels in young pigs challenged with Escherichia coli (Wang et al., 2006).
Although threonine is an essential amino acid in
ducks like in other species, the World wide used NRC
(1994) for poultry species does not give data on threonine requirement of ducks. Therefore, the aim of the
present field trial was to study the plague virus specific
humoral immune response of ducks fed surplus threonine (+15 or +30%) above to the recommendation of the
breeding company.

2

Material and methods

2.1 Animals and dietary treatments
A total of 1050 Cherry Valley female ducks were assigned to be used in the experiment. The birds arrived at
1-day-of age and were settled into 3 groups. Each group
was identical with an experimental treatment. The trail
started at 7 weeks of age and took 15 weeks until 22 weeks
of age. Until 7 weeks of age ducks were fed with commercial starter diet and during the trail with growing duck
breeder diet supplemented with different doses of threonine. The basal diet was formulated in corn (48.7–48.9%)
wheat (25.0%), sunflower meal (6.0%) and soybean meal

Crude protein (g/kg)*

Thr-100

Thr-115

Thr-130

11.95

11.95

11.95

148

151

6.6

7.0

6.6

Total methionine (g/kg)*

2.2

2.3

2.3

Total Met + Cys (g/kg)*

4.5

4.7

4.6

Total threonine (g/kg)*

5.8

6.6

7.8

Total tryptophan (g/kg)

1.9

1.9

1.9

10.0

10.0

10.0

4.0

4.0

4.0

Digestible P (g/kg)
* analyzed values

270

149

Total lysine (g/kg)*

Ca (g/kg)
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2.2	Housing and feeding of ducks
The birds were kept in large groups (350 birds/
group). The stock density and lightning (17 hours light/
day) was in accordance with Cherry Valley recommendation. Restricted feeding was used and free access to water was allowed during the trial. The daily feed allowance
was controlled weekly based on the body weight of the
ducks compared to technological standard.
2.3	Experimental procedure
The body weight and feed intake of the birds were
controlled weekly. The body weight was monitored by
randomly sampling at least 8% of each stock. Homogeneity of the stock was defined as the rate of the ducks (in %)
being within a range of ±10% from the average. Mortality was also recorded. All birds were immunized by live,
freeze dried duck plague virus (Vaxiduk vaccine, Merial,
Hungary) subcutan on the neck (0.5 ml/bird) at 16 and
20 weeks of age. For blood sampling 14 birds per treatment were assigned and the same birds were used in all
blood sampling. Blood samples for virus neutralization
(VN) tests were obtained from the vena cutanea ulnaris
in Eppendorf tubes without anticoagulant just before the
first immunization (week 16), and 2 weeks after 1st (week
18) and 2nd immunization (week 22).
2.4. Analytical procedure
2.4.1 Immunological tests

Table 1: Nutrient content of the experimental diets
ME (MJ/kg)

(12.7%). Dietary threonine levels were 0.59, 0.68 and 0.77
g per kg of feed in Thr-100, Thr-115 and Thr-130 treatments, respectively. The nutrient content of the experimental feeds are shown in Table 1.

The systemic humoral immune responsiveness of
the ducks was measured through the specific antibody
response to the duck herpesvirus by virus neutralization
(VN) test according to standard procedure. Briefly, the
virus was titered in continuous chicken embyoblast cell
cultures (CECC) in a 96-well tissue culture plate. For the
VN assays 100 TCID50 (tissue culture infectious dose) of
the virus was used for each of the twofold serially diluted
serum samples. During the analysis 50 µl diluted serum
was incubated against 50 µl 100 TCID50 titre diluted virus for 60 minutes at 37 Co and then 100 µl CECC cell
suspension was added and incubated for 96 hours at 37
Co. The plate was evaluated with Zeiss invert microscope.
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2.4.2 ChemICAL AnD StAtIStICAL AnALySIS
The chemical composition of the feeds, i.e. dry matter, crude protein, crude fat, crude fiber, crude ash and
Ca and P was determined according to AOAC procedures (1989), dietary amino acid content was measured
with method developed by Bech-Anderson et al. (1992).
Pair wise Student’s t-test was used to check the experimental contrast in immune response.

3

ReSulTS And dISCuSSIon

The growth performance parameters of the ducks
in each dietary treatment were in accordance with the
technological standards. figure 1 shows that the mean
body weight of the experimental groups were within the
range of ±5% of the technological recommendation. The
approximate 5% difference between the feed consumption of ducks in treatment Thr-100 and Thr-130 can be
considered by chance (table 2). In working practice the
dustiness and feed waste has big influence on the apparent feed allowance of the birds. It is important to note
that the homogeneity of the stocks were quite high.
Worst data were obtained at the beginning of the trail
(73–84%); however, it increased and reached 90% at the
end of the experimental period. The very low mortality
reflects to excellent condition in the farm; data derived
primarily from the culling of the weak birds during the
weekly weighing.
Indeed the specific antibody titre was not detectable in blood samples taken just before the immunization with duck plague virus. The second blood sampling
was obtained 2 weeks after the first immunization. The
mean virus neutralizing antibody titre in those sam-

Table 2: The feed allowance, homogeneity of the stock and culling of the ducks in dietary treatments during the trial
Thr-100 Thr-115 Thr-130
total feed allowance (kg/duck)

20.23

20.65

21.28

homogeneity (%)

83.7

83.6

83.1

mortality, culling (%)

1.55

1.63

1.85

Table 3: Statistical reliance (P-value) of virus neutralization
tests in diﬀerent dietary treatments according to two samples
Student’s t -Test
Thr-100
Thr-115

0.083

Thr-130

0.388

Thr-115
0.075

ples were similar in all treatments being 1:4 (Vn titre
log2 = 2). The blood samples obtained 2 weeks after the
repeated immunization showed differences in virus neutralization titres (table 3). The Vn titres tended to be
higher in ducks fed 15% surplus threonine compared to
the control birds (fig. 2; P < 0.10). Considering that the
trial was conducted in a commercial farm and the immune response was checked with relatively low number
of ducks the results are promising. The nearly 1.5 times
higher values in Thr-115 group compared to the control
treatment is wondrous since the duck plague belongs to
herpesviriade family considered as a weak antigen. Other
studies have also proved that the increasing dietary threonine supply boost the humoral immune responsiveness
of livestock. most of the publications reported elevated
serum Igg level (Li et al., 1999; Kidd et al., 1999; Wang et
al., 2006). however, the immune response was provoked
usually by non-viral challenge in different studies. In ac-

Figure 1: The body weight of ducks in diﬀerent treatments and the technological standard during the experiment
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Figure 2: The eﬀect of dietary threonine level on the specific humoral immune response of ducks two weeks after the repeated immunization (duck plague virus neutralization titre log2; mean, s.e.)

cordance with our results in the study of Bhargava et al.
(1971) serum antibody titres increased with increasing
dietary intake of threonine in virus infected chickens. In
the referred trial the challenge was the newcastle disease
virus (Bhargava et al. 1971).
Important message of our results is also that dietary threonine should not increase above a certain level.
There was no difference between specific humoral immune response of ducks belonged to Thr-100 and Thr130 (P > 0.10; table 3). The reason why 15% surplus
threonine improved, but 30% surplus threonine had no
effect on responsiveness of humoral immune defense is
not clear. however, the known phenomenon is that an
amino acid, for example methionine in a lower level of
supplementation is beneficial but in a higher dose has no
or even immunosuppressive effect (Cook, 1991).

4

ConCluSIon

In conclusion, elevated dietary threonine supply
boosts the immune defense of rearing ducks; however,
supplementation of surplus threonine in the feed needs
some caution. for breeding ducks during the growing
period 6.6 g threonine per kg of feed can be recommended to fulfill the higher requirement of specific humoral
immune functions.
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