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Abstract — Numerous studies have examined the interactions between protein nutrition and the
response to nematode parasitism in sheep, but very few in goats. Compared with other ruminants, goats
are less resistant to nematode infection. In addition, in dairy goats, high producing animals have
been shown to be less resistant and less resilient to infection compared to low producing ones. The
objective of the present study was to examine the consequences of protein supplementation on both
resistance and resilience of dairy goats to nematode trickle infection, taking into account the initial
level of milk production of the animals. During a 14-week period, 40 milking goats received a high
protein (HP) diet supplying 130% of the protein requirements, and 38 goats were fed a intermediate
protein (IP) diet (120% of the protein requirements). In addition, half of each group was given a
weekly trickle infection withTrichostrongylus colubriformitarvae, the other part of the flock
remained non-infected. Faecal egg counts (FEC), eosinophil counts and pathophysiological data
(urea, albumin and inorganic phosphate concentrations in the serum) were measured twice a month.
Milk production data (milk yield, protein and fat contents) were also recorded every 15 days. The results
showed that FECs were lower (p < 0.05) and eosinophil counts higher (p < 0.05) in the animals
receiving the HP diet suggesting that resistance was enhanced by protein supplementation. Meanwhile,
milk parameters (related to resilience) were not affected by the level of protein in the diet when con-
sidering the whole groups. In contrast, in the high producing goats, the milk production and milk com-
position parameters were improved with the HP diet. To conclude, we have seen that the expression

* Correspondence and reprints
Tel.: (33) 05 49 79 61 28; fax: (33) 05 49 79 42 19; e-mail: c.chartier@niort.afssa.fr



248 E. Etter et al.

of both resistance and resilience did not appear when the coverage of the protein requirements was
insufficient. Because the milk production is dependent on the protein supply, we suggest that there
is a competition in the use of the protein between the development of resistance and the milk production.

Trichostrongylus colubriformis’ nematode / protein supplementation / goat / milk production

Résumé — Effet de deux niveaux d’alimentation protéique sur la résistance et la résilience de
chevres laitieres infestées expérimentalement av@dchostrongylus colubriformis: comparai-

son entre fortes et faibles productricesAlors que les études concernant les interactions entre I'ali-
mentation protéique et la réponse au parasitisme gastro-intestinal sont nombreuses chez le mouton,
elles le sont beaucoup moins chez la chévre. Comparativement aux autres ruminants, les chévres
sont moins résistantes aux nématodes parasites. De plus, chez la chévre laitiére, il a été montré que
les animaux forts producteurs de lait avaient une moins bonne résistance et une moins bonne résilience
que les animaux faibles producteurs. Le but du travail ici présenté était I'étude des conséquences d’'une
supplémentation protéique sur la résistance et la résilience de chévres laitieres soumises a une infes-
tation répétée a nématodes, étude qui tient compte du niveau de production initial des animaux.
Durant 14 semaines 40 chevres en lactation ont regu une ration a haut niveau protéique couvrant
130% des besoins protéiques, et 38 chevres furent alimentées avec une ration a niveau protéique
moyen (120% des besoins protéiques). De plus, la moitié de chaque groupe fut infestée hebdoma-
dairement avec des larv@sichostrongylus colubriformi¢10000 L3), les autres animaux restant

non parasités. Un comptage des ceufs, des éosinophiles sanguins et une mesure de données patho-
physiologiques (concentration d’urée, d’albumine et de phosphore dans le sérum) furent réalisés
deux fois par mois. Les données de production (lait, protéines et matieres grasses dans le lait) furent
enregistrées, également tous les 15 jours. Le nombre d’ceufs de parasite était significativement
(p < 0.05) plus bas et le nombre d'éosinophiles sanguins était significativement (p < 0.05) plus élevé
chez les animaux recevant la ration a haut niveau protéique, ce qui montre que la supplémentation pro-
téique permet une amélioration de la résistance. Si I'on considére les données relatives au lait (reflet
de la résilience) sur I'ensemble de I'effectif, elles n'ont pas été modifiées par le niveau protéique de

la ration. En revanche, chez les chévres fortes productrices, 'augmentation du niveau protéique de
la ration a amélioré les parameétres de production laitiere et de composition du lait des animaux para-
sités. En conclusion nous voyons que I'expression de la résistance et de la résilience ne peut apparaitre
tant que les besoins protéiques ne sont pas couverts. Le niveau de production laitiere étant dépendant
de 'apport protéique, nous émettons I'hypothese d’'une compétition dans I'utilisation des protéines
entre le développement de la résistance d’une part et la production de lait d’autre part.

Trichostrongylus colubriformig nématode / supplémentation protéique / chévre / production laitiere

1. INTRODUCTION protein supplementation but no effect on
resistance whereas Singh et al. [23] reported
Several studies in sheep show that bothn enhancement of both resistance and
resistance (i.e. the ability to limit worm bur- resilience using a diet with cottonseed meal
den) [1, 10] and resilience (i.e. the ability tosupplementation (reduction of faecal egg
maintain production despite parasitism) [24count and worm burden and no detrimental

25] to nematode infection are influenced byeffect of parasitism on live-weight gain in

diet, particularly by the metabolisable proteinyoung goats). It is worth underlining that
supply. Indeed Bown et al. [4] showed thathese studies were performed with young,
gastrointestinal nematode infections inducgyrowing goats and that in fact, no studies

protein losses rather than energy deficiencihave examined the influence of protein sup-
However, there are very few studies in thisslementation in dairy goats.

field on goats and their results are equivocal:
in growing goats, Blackburn et al. [2, 3] In Trichostrongylus colubriformisnd
recorded an improvement in resilience wittHaemonchus contortuisfected dairy goats,
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a negative relationship was found betwee2. MATERIALS AND METHODS
the level of milk production and individual

responsiveness to gastrointestinal nema-

todes [8, 14]. There is a lack of resistance t9.1 Experimental design (Fig. 1)
parasitism in high producing goats whereas

low producers develop a response to limit - seyenty-eight Alpine dairy goats, reared
worm infection. Moreover, the conse-indoors and previously free of strongyle
quences of infection in terms of milk pro-jnfection were used in the study. Their lac-
duction are more dramatic in high producersiation number was 2. At the start of the

If these differences are related to highegtydy, all the goats were in their second
nutritional requirements in high producers,yonth of lactation.

it could be hypothesised that differences in ,
the diet protein supply should more dra- Forty of these goats were offered a high

matically affect the goats with the highest°rotein diet (HP diet) during the experiment
level of milk production compared to low Whereas the remaining thirty-eight received
producers. a intermediate protein diet (IP diet) during

the same period. Half of each group was
The aim of this study was thus to invesdinfected weekly with a dose of 10 000
tigate the influence of two levels of proteinT. colubriformisarvae, the others remained
in the diet on the resistance and resilience afon-infected (control animals). The goats
dairy goats tdl. colubriformisinfection, were ranked on the basis of milk produc-
and particularly on the production level. Thetion during the first month of lactation
possible differences in the response of goata control was assessed at the end of the 1st
according to the initial level of milk pro- lactation month) and they were allocated to
duction were also investigated. 4 different balanced subgroups (HP diet

Infected group with High producers
T. colubriformis

HP diet

High producers i
‘Control group
— ¢ Low producers
78 goats
High producers
Control group — 1

38 goats
1P diet
High producers

Infected group with
T. colubriformis
Low producers

Figure 1.Protocol design.
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infected and non infected; IP diet infected oestimated average protein requirements [16]
not). The allocation into a parasite infectecand the IP diet 120% of the protein require-
group was made by randomisation in ordements. The 10% difference in covering the
to have equilibrated groups according tgrotein requirement was chosen since it rep-
weight, age and level of production. resents the actual range in intensive dairy

In each diet-group, 10 high producersgoat farms in France.
(5 infected and 5 control animals) and However, as the protein requirements are
10 low producers (5 infected and 5 controdependent on milk production, the differ-
animals) were compared. The repartition irence in coverage was more dramatic in high
high or low producers was determined byproducers vs. low producers. For example,
the level of production at the first milk yield at the start of the study, the IP diet provided
control. In the HP and IP diet group, the90% of the protein requirements for the high
average production before infectionproducers whereas the HP diet provided
amounted respectively to 4.85 (x 0.52)147% for the low producers. In addition
L-dayland 4.68 (+ 0.6) Idaytin the high milk production varies with the stage of lac-
producers versus 2.76 (+ 0.64yayland tation. Hence, the evolution of requirement
2.49 (+ 0.66) Ldayfor low producers.  coverages according to the milk production
are illustrated in Figure 2.

. Since protein requirements are related to
2.2 Feeding and management the stage of lactation and also to the level
of milk production, the IP diet provided

The ration offered to the animals was90%, of the protein requirements for the
made up of two commercial concentrateshigh producers at the start and 115% at the
one cereal (corn), and forages (wheat stravend; that is an insufficient protein supply at
hay and fibrous pellets) (Tab. I). The varia-the beginning of the experiment. In contrast,
tion in the proportion of the different com- the HP diet provided between 110 and 145%
ponents enabled the creation of two distincdf the protein requirements of high produc-
rations. Samples of forages were weighethg animals. For low producers the ration
on 5 occasions during the study, on weeks @lways broadly covered the needs whatever
3,5, 6 and 9, in order to establish the reahe diet (Fig. 2).
intake.

The HP and IP diets had very close con- ) ) )
centrate/forage ratios (0.74 and 0.82). Ir?-3 Parasitological techniques
each group, at the start of the experiment,
the diets were isoenergetic, containing 106% All the animals were sampled prior to
of the estimated average energy requiremettie start of the study and a faecal sample
[16]. The HP diet contained 130% of thewas thereafter collected from each animal

Table I. Composition of the intermediate protein diet (IP diet) and the high protein diet (HP diet).

Ration components IP diet HP diet
Commercial concentratel (kg d.m.) 0.420 0.538
Commercial concentrate2 (kg d.m.) 0 0.064
Corn (kg d.m.) 0.624 0.471
Wheat straw (kg d.m.) 0.081 0.084
Hay (kg d.m.) 0.534 0.513

Fibrous pellets (kg d.m.) 0.797 0.708
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Protein requirement
coverage (%) & IP diet A HPdiet

160
low producers
140

low producers

high producers
100 /'high producers

80
weeks 0 1 4 8 12 ‘ 1 4 8 12
‘high producers 92 102 ¢ 110 | 110 105 | 110 | 134 | 132
‘low producers 125 . 115 | 120 | 125 147 | 140 | 159 | 160

Figure 2. Protein requirement coverage throughout the experiment, difference between high and
low producers receiving the same diet.

every fortnight. Faecal nematode egg countsiilk registration organisation. In the com-

were performed according to a modifiedparisons between groups, we used milk fat

MacMaster technique [21]. production and milk protein production
(milk production by fat or protein content).

2.4 Blood analyses

Every two weeks, at the same hour of the2 -6 Statistical analysis

Y metric test (Mann and Whitney test) was

vi_dqal evacuated glass tubes; one heqjsed to compare, date by date, the effects
arinised tube was used to collect blood fofyc o iet and of the initial level of milk

the eosinophil count and one dry tube tcbroduction on the infection

collect blood in order to separate serum. ) ) )
For eosinophils and production parame-

Eosinophil numbers were determined usincT; | ]

fast-read 102 slidésand Carpentier’s solu- ters, a global 2-way analysis of variance
tion according to the method described byANOVA 2) was applied to analyse the
Dawkins et al. [12]. Serum inorganic phos-effect of parasitism and diet, and the possi-

phate concentrations were determined usingf€ interaction. When there was a signifi-
an autoanalyser (Technicon, Bayer Diagcant difference for the first measurement,
nostics Mfg SA, Margency, France) accordanalysis of covariance (ANCOVA) was
ing to Robinson et al. [22]. Urea and albu-2Ssessed using the first measurement as the

min concentrations were also determine@oVvariable. For eosinophils, data were trans-
order to stabilise the variance before run-

ning parametric tests.

2.5 Milk production data The Student t-test was used date by date
to compare the infected and control animals
Milk yield and fat and protein content for each diet groups. In addition, within each
data were individually collected twice adiet group, the data values were also com-
month at the morning milking by the local pared depending on the level of production.
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Figure 3.Mean faecal egg counts (epg : eggs per gram) according to the diet. The asterisk indicates
statistical difference: * (p < 0.05), ** (p < 0.01), *** (p < 0.001).

Comparisons were done for eosinophil num¢first and sixth week) and parasitism (first
ber, inorganic phosphate, urea, milk, totalveek). In the IP diet group the eosinophil
fat and protein production. count showed an increase at the start of the
study. Then the level decreased until the
sixth week, when it showed a second peak
3. RESULTS before dropping. No difference between
infected and non-infected goats was shown.

) In HP diet group, eosinophil numbers of
3.1 Faecal egg count (Fig. 3) infected animals showed significantly
o (p < 0.05) higher values than the uninfected
~One month after the beginning of thegeg at the beginning of the experiment.
trickle infection, the level of egg excretion Therefore an ANCOVA was also performed
was approximately 200-250 epg (€99s P&jising the data of the first sample as covari-
gram) in each group. Then it showed a slighfpje. A significant statistical difference
regular decrease until the end of the expelsenween infected and non-infected goats on
iment for the goats receiving the HP dietyg nyelfth week (p < 0.05) was also shown

The pattern of faecal egg output of goat$y, the HP diet group (Fig. 4).
receiving the IP diet was similar to the one

of those offered the HP diet during the first N high producing goats, the difference
two months. For the third and last month’between infected and non-infected animals

the goats with the HP ration excreted sig@t Week 12 was found whatever the diet. In

nificantly (p < 0.05) less eggs than thoselow-prod_ucers no d|fference was fqund

with the IP ration. between infected and non-infected animals
for the IP diet as for the HP diet (data not

shown).
3.2 Haematological The inorganic phosphate concentration
and serological data in the serum showed a similar evolution

whatever the diet. The curve showed a reg-
With the eosinophil count, the globalular increase until week 12 and then
ANOVA was significant for both the diet decreased until the end of the experiment.
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Figure 4. Eosinophil counts of goats with the intermediate protein diet (IP) and the high protein
diet (HP).

The only significant difference concerned3.3 Milk yield and composition data

the HP group and appeared between infected

and non-infected goats during the twelfth  For milk yield the global ANOVA 2 was
week of infection. The infected animalsnot significant for diet nor for parasitism
showed a lower inorganic phosphate con¢Fig. 5).

centration than the non-infected ones. At the beginning of the experiment, the

Measurement of urea showed no differaverage milk production for the whole flock
ence according to the parasite infection andias 3.7 (+ 0.9) kday ! and, at the end, it
the diet. However, after the first month ofwas 2.9 (+ 0.9) kdayL. The milk yield
infection the HP group showed non-signif-showed an expected regular decrease over
icant higher urea levels than the IP group.the three months.

Mik yield (L/day)

nuEE g ) o N A .* -:::’. "
2
2 4 6 8 10 12 14 2 4 6 8 10 12 14
weeks infected
............ non infected

Figure 5. Milk yield of goats with the intermediate protein diet (IP) and the high protein diet (HP).
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High Producers

Milk yield (L/day)
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Figure 6. Milk yield of goats with the intermediate protein diet (IP) and the high protein diet (HP) in
high producers and low producers.

However, the milk production curves were observed at weeks 4 and 6. Concerning
were clearly different in the high and thethe high-producers receiving the HP diet,
low producers (Fig. 6). In the low-producers,no significant difference in milk yield was
production remained more or less the sameecorded between infected and non-infected
throughout the whole experiment, while theanimals.
high-producers had an important decrease. ) .

Nevertheless this production stayed higher For milk fat production, the global

than that of the low-producers (3.25 vs. 2.25\NOVA 2 was not significant for parasitism,
at the end of the experiment). but differences appeared with protein levels.

The milk fat production in the high-protein
For the high-producers receiving the IPdiet group remained at a higher level than
diet, significant differences ( 0.01) in  for the low-protein diet group (145cgy 1 vs.
milk production due to nematode infection125 gday1) during the second month
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Figure 7.Milk fat production of goats with the intermediate protein diet (IP) and the high protein diet
(HP) in high producers.

(p <0.05). The global ANOVA 2 showed no4. DISCUSSION
interaction between parasitism and diet. The
milk fat production curve was similar to the

e . Th tudi the infl
milk yield one and declined from 160 (+ ere are many Stdies on fe intuence

of diet, and particularly on protein level, on
44) gday *to 108 (+ 36) glay*atthe end o redistance and the resilience of domestic
of the experiment. ruminants to gastrointestinal nematode infec-
Milk fat production curves for high- and tion (see review by Poppi et al., [20] and
low-producers had the same profile than th{9, 25]). However, most of the studies con-
milk yield ones. With high-producers cern growing animals, principally sheep,
(Fig. 7), the significant difference §0.05) bred to produce meat or wool fiber. Only
appeared at week 4 between infected anfgw studies have examined the role of diet
non-infected IP diet goats. In intermediateon the response to parasites in milking ani-
protein diet group, there was no influencemals despite the clear relationship between
of parasitism on fat production for the lowlactation and nutrition [13]. To our knowl-
producers. edge, the present results represent the first

A pattern similar to that of fat produc- report on the interaction betwe.en.prote_in
tion, was seen with regards to milk proteinfj'et a_md the response to parasite infection
production which declined from 127 in dairy goats.

(+30) gdayto 97 (+ 27) gday . Neither Significant differences in the level of fae-

ration nor parasitism had any influence on.5| excretion were found between the 2 diet
this parameter and there was no mteractloaroups after 2 months of infection. The goats
between the two factors. fed the HP diet excreted less eggs than the

In the milk protein production curves, animals receiving the IP ration. This result
significant differences were found at weeksuggests a better expression of resistance of
4 (p<0.001) and week 6 (g 0.05) mea- the animals with the HP regime. This idea
surements for the high-producers receivingeems to be confirmed by the blood
the IP diet (Fig. 8). There was no drop ineosinophil data. Significant increases in the
milk protein production for the low pro- number of blood eosinophil cells were
ducers due to the parasitism. observed only in the HP group. According to
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Figure 8. Milk protein production of goats with the intermediate protein diet (IP) and the high pro-
tein diet (HP) in high producers.

Dawkins et al. [12], Buddle et al. [5] and diet. This divergence in the results could be
Kyriazakis et al. [17] foiT. colubriformis related to the worm species. Indeed, in
infected sheep or Patterson et al. [18, 19hixed infected adult goats, Charles et al.
for infected goats, a rise in blood eosinophil§6] showed that different diets (difference
is associated with the immune responsiveef 68 g of cottonseed cake between the HP
ness of the animals to parasites. Hence, iand IP diet) influenced the response to
the current study, the HP diet appeared t®@esophagostomum columbianbut do not
allow a better expression of the immunemodify the establishment of the other nema-
response in the infected goats. tode speciesI. colubriformis T. axeiand

. ) H. contortus
In sheep, an increase in the level of

digestible protein of the diet has been fre- In sheep, the better immune response in
guently associated with an improvement oparasitised animals associated with protein
the resistance to nematodes, assesssdpplementation leads to a decreased worm
through different measurements: that is egéecundity and/or to a reduction in worm pop-
excretion, worm counts or blood eosinophilulations in the digestive tract. This last
number. Such results have been recorded observation can result from a less efficient
lambs infected with the main species of theate of parasite establishment and/or from
trichostrongyle nematod&eladorsagia cir- an increased expulsion of the worms. Coop
cumcincta[10]; T. colubriformis[24] or and Holmes [9] and Van Houtert et Sykes
H. contortus[1, 11]. In contrast, there are [25] reported that in young sheep, nema-
few studies on goats and they provide equitode establishment is not appreciably
ocal results. Blackburn et al. [2, 3] did notaffected by diet. On the contrary, the rate
observe any effect of protein supplementaef parasite elimination is enhanced in ani-
tion on the worm burdens in young meaimals fed an improved diet, which explains
producing goats infected with. contortus  most of the reduction in worm burden. In
In contrast, in growing goats parasitisedour study, no data (worm count) were avail-
with T. colubriformis Singh et al. [23] able to directly measure the influence of diet
showed a reduction in FEC and worm buron the worm population. However, an indi-
dens in animals receiving a supplementedect estimation was provided by serum
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concentrations of inorganic phosphate whosparameters were clearly more pronounced in
changes are related to the pathophysiologthe group of high producers fed the IP diet.
cal consequences of infection due to thén addition, the significant differences
presence of intestinal worm populations. Ndbetween infected and control goats were
difference in the inorganic phosphate valusually found at the start of the experiment
ues was detected during the study betweaghen the coverage of protein requirements
the infected goats under the different dietsvere insufficient (see Fig. 2). These results
which suggest only a minor difference insuggest that the origin of the increased sus-
the size of worm populations. Therefore ceptibility to parasitism in the high produc-
the observed differences in egg excretiolg animals can partly be related to a possi-
probably result mainly from a reduction inpje competition between the production of
worm fecundity. milk and the development of resistance. In
An increase in the level of digestible pro-their recent review, Coop and Holmes [9]
tein in the diet has usually been associategropose a hypothesis concerning competi-
both with an improvement of resistance andion between the requirements to mount an
a better resilience of the animals. In the preimmune response to parasites and the needs
sent study, when considering the wholdor growth. These authors underlined the
flock, parasitism did not provoke any effectfact that improvements of the host response
on the recorded milk production parame-against parasites associated with changing
ters and no difference was detected betwegRe diet is more obvious in young lambs
the 2 protein diet groups. This could bewhich have larger protein requirements.
explained by the probable low level of par-
asite establishment. It is, however, worthy to  Besides the possible application in terms
note that the consequences on productiosf nutrition manipulation in improving the
due to infection diverged when one distesponse of goats to parasites, our study also
criminated the high-and the low-producersunderlines the interest of examining the con-
within the flock. sequences of parasitoses for milking ani-

In the high producers, the presencd of mals. The variability in milk production
colubriformisinduced constant and signifi- within a flock combined with the variation
cant decreases in milk yield, milk fat andin nutritional requirements with time due to
milk protein yields, particularly at the startthe evolution of the lactation curve can pro-
of the experiment. In contrast, in the lowvide a useful model to understand the com-
producers, whatever the diet regime, parasifglex relationship between nutritional status
infection did not have any consequence onf the host and its response to nematode
the 3 milk production parameters. Thisinfection.
higher susceptibility of the high-producing
goats to nematode infection has previously
been assessed in experimental [8, 14, 15
or natural infection [7]. Two hypotheses CKNOWLEDGMENTS
have been proposed to explain the lesser
resistance and resilience of high producing Special thanks to Hervé Moirou for the man-
dairy goats to nematodes: (i) either a genetiegement of the goat flocks, to Line Garnier for
origin or (||) a consequence of the nutri_the Welghlng of TOOd an(_:i to Nadia Naciri TOI’ her
tional/physiological stress due to lactation€!P @nalysing inorganic phosphate. Eric Etter
Considering this last hypothesis, the comWvas a grateful recipient at a grant from the

. fth T lubrif - Poitou-Charentes region and from AFSSA. This
parison of the response 10 ColubriormiS - g received financial support from the EU

infection in the high producers with the 2prgject FAIR 3 CT 96-1485 as part of a collab-
different diets is particularly interesting. Theorative work between the United Kingdom,
effects of infection on milk production Greece, Spain and France.
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