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Abstract — Four diets (SMP, ML, DC and DCLC) containing 24, 18, 53 and 19% crude protein on a
dry matter basis, respectively, were given to ileo-caecal cannulated preruminant calves. In the SMP
diet, protein was provided by skim milk powder. The ML diet was a mixture of raw whole milk and
lactose. The DC and DCLC diets were first milking colostra diluted with water (DC) or water, lactose
and UHT cream (DCLC). The apparent ileal digestibility of N was low with the DC and DCLC diets
(0.71and 0.70 vs. 0.92 with the SMP and ML). Comparisons of AA profiles suggested that could be
due to: (1) anincreased loss of endogenous protein (+ 480 and + 200% for DC and DCLC, respec-
tively), (2) an incomplete digestion of immunoglobulins G (IgG) which constituted 49 and 42% of
digesta protein for DC and DCLC. The proportion of immunoreactive 1gG found by radial
immunodiffusion was similar for DC digesta (47%) but lower for DCLC (6%). Indeed,
immunoblotting of non-reduced protein showed intact and/or almost intact IgG were more abundant
for DC than DCLC. However, in reduced samples, intact and/or slightly degradiedvy chains

were abundant for both. In contrast, only traces of IgG were detected in SMP and ML digesta.

immunoglobulin / digestion / calf

Résumé— Digestion du colostrum chez le veau préruminant : digestibilité et origine des frac-

tions indigérées alafin de I'iléon Quatre aliments (SMP, ML, DC et DCLC), contenant respective-

ment 24, 18, 53 et 19 % de matiéres azotées par rapport a la matiére séche, ont été distribués a des
veaux préruminants munis d’une canule ré-entrante iléo-caecale. Dans I'aliment SMP, les protéines
étaient apportées par de la poudre de lait écréemé. L'aliment ML était du lait frais additionné de lac-
tose. Les aliments DC et DCLC étaient du colostrum de premiére traite additionné d’eau (DC) ou
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d’'eau, de lactose etde creme UHT (DCLC). La digestibilité apparente de I'azote a été peu élevée avec
les aliments DC et DCLC (0,71 et 0,70vs. 0,92 avec SMP et ML). Les comparaisons de profils d’aci-
des aminés indiquent que cela pourrait étre dd a : (1) une augmentation des pertes endogéenes (+ 480
et + 200 % avec les aliments DC et DCLC), (2) une digestion incompléte des immunoglobulines G
(IgG) qui constituaient 49 et 42 % des protéines des digesta DC et DCLC. L'immunodiffusion radiale
etlesimmunoempreintes confirmentl’abondance des IgG dans les digesta DC et DCLC, sous des for-
mes toutefois plus dégradées pour DCLC. En revanche, la concentration d’lgG était trés faible dans
les digesta SMP et ML.

immunoglobuline / digestion / veau

1. INTRODUCTION for example, 8 h after the first meal of
colostrum givento calves 2 h after birth, the
3-lactoglobulin to IgG ratio was 100 times

In newborn ongulates, the early inges-lower in the blood plasma than in the

tion of a large amount of colostrum rich in colostrum (I. Nunes do Prado and R.
immunoglobulins (lg) is essential to get Toullec, unpublished results). That was
passive immunity [18]. In a first milking probably due to the lesser sensitivity of IgG
cow's colostrum, Ig represent approxi-to hydrolysis in the digestive tract [35] and
mately 50% of total protein [1], IgG 88% of to the rapid urinary clearance of small pro-
total Ig and IgG 95% of total IgG [29]. IgG  teins[14]. The resistance of IgG to hydroly-
are compact globular proteins with asis is probably linked to their compact
Mr ~ 150 to 163 kgnol%, made up of two globular structure. In newborn calves given
y heavy chains (Mr ~ 52 to 59 kgot?)  colostrum, intact IgG and their F(ab?}
and twoA or k light chains (Mr~ 23 to fragments have been detected in feeces [15];
27 kgmol?) [5]. The heavy chains are however, the real digestibility of total IgG
disulfide-bonded together and to each lighiassayed by radial immunodiffusion was
chain. Colostrum is also a source of nutri-high (0.93) during the first 3 days from
ents that provides for the immediate re-birth[10]. Incontrast, little data is available
quirements of the animals. It is particularly on the subsequent efficiency of their diges-
true for piglets, that have less energy store§on, when the permeability of the intestinal
at birth than ruminants, although their ex-epithelium to macromolecules is very low.
penditures are higher [17]. Besides,Bovine colostrum surplus are sometimes
colostrum contains numerous active subutilized as a milk replacer in weaning
stances, such as growth factors and horcalves. The apparent digestibility of nitro-
mones, which can have biological effects ingen (N) for a mixture of colostra collected
newborns [12]. During the first 24 to 48 h from the first two to six milkings was low
following birth, Ig are largely absorbed in during the third week of life: 0.81 [34], ver-
intact form, owing to the permeability of sus 0.93 for skim milk powder [9]. In adult
the intestinal epithelium to macromoleculesmen, a considerable part (0.19) of ingested
[18]. The presence of antiproteases irbovine Igwas still inimmunoreactive form
colostrum has been considered to be a faatthe end of the ileum [26]. To analyze fur-
voring factor [25]. However, their activity ther the reasons of these low values, we
would be only 5% of that of raw soyabeanstudied, in at least 2 month-old preruminant
[10]. The other proteins of colostrum cancalves, the ileal digestion of the first milk-
also be absorbed, but their circulating conding colostrum. The first milking colostrum
centrations are much lower than that of Ig:was used because itis richer in Ig than those
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collected during the following milkings tion of the final mixture. The DC diet was
[18]. The origin of the undigested protein obtained by diluting colostrum with luke-
fractions was estimated by methods basedarm water; its CP content was very high
on the comparison of amino acid (AA) pro- (526 gkg1 DM). The DCLC diet was pre-
files and by immunochemical techniques. pared by mixing colostrum, lactose, UHT
cream and lukewarm water; it was made up
to get a CP content close to that of the ML

2. MATERIALS AND METHODS diet.

2.1. Diets 2.2. Animals, feeding
and digesta collection

Four diets (SMP, ML, DC and DCLC)
were utilized (Tab. 1). The SMP dietwas a  Six female Holstein calves were fitted
classical milk replacer, in which protein with an abomasal catheter and a re-entrant
was provided exclusively by skim milk ileo-ceecal canula between 8 and 10 weeks
powder; itwas given to the calves after dilu-of age [11]. One to 2 weeks post-surgery,
tion in lukewarm water (170 g dry matter calves started to receive the experimental
(DM)-kg-*milk substitute). The other three diets by means of abomasal infusion twice
diets were made up in order to getthe saméaily. The amount of DM infused
DM content. The ML diet was fresh whole (56 gkg? live weighf-7>day?1) was ad-
milk enriched in lactose; it contained 180 gjusted weekly. Two of the calves were given
crude protein (CRkgt DM. The DC and first the SMP diet and then the DC diet.
DCLC diets were prepared from first milk- Each experimental period lasted 7 days,
ing colostra fractionated into 1 litre flasks and total digesta were collected during the
and kept at —18C until use. Whole milk last 4 days and treated as previously de-
and colostra were collected from Holsteinscribed [3]. The other four calves should
cows (UMR production de lait, INRA/ have received the ML, DC and DCLC diets
ENSAR, Rennes). The amountrequired forin different orders. However, because the
each meal was transferred at #@& about colostrum stock was limited, the DC diet
12 h before, care having been taken taould be given to only two of them, and the
choose flasks coming from many cows, induration of digesta collection was reduced
order to limit the variation of the composi- to 2 days.

Table I. Chemical composition of the diets (% of dry matter).

Diet SMP MLb DCe DCLCH
Crude protein (N« 6.38) 23.8 17.9 52.6 18.8
Fat 21.4 224 29.5 25.6
Ash 6.6 4.1 4.8 2.2
Nitrogen free extract 48.2 55.6 13.1 53.4

a65.4% spray-dried skim milk powder +19.8% tallow + 8.0% pregelatinized starch +3.7% lactose
+ 3.1% mineral and vitamin premix (for details, see [3D5.8% whole milk + 4.2% lactos&69.8% first milk-

ing colostrum + 30.2% wate¥25.8% first milking colostrum + 7.63% lactose + 7.01% UHT cream (containing
35% fat) + 59.56% water.
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2.3. Chemical analysis (B-5645 from $cMA), sheep anti Ig&Fc
and rabbit anti IgG-Fab sera (D. Levieux,

Dry matter, nitrogen, fat, ash and AA INRA Theix), and two mouse monoclonal
were analyzed in the diets and digesta atgG; anti A or k bovine light chain
previously described [3]. IgG were assayedBig 43 A and Big 501 E from RALEF).
by radialimmunodiffusion, electrophoresis After washing, they were incubated for 2 h
and immunoblotting, using total bovine se-With appropriate horse-radish peroxydase
rum IgG (I-5506 from 8MA) as the stan- conjugated antibodies diluted at 1/1000
dard. Radial immunodiffusion was (v/v) in Tris buffer. Finally, immuno-
conducted as described elsewhere [19], olfbelling was revealed by incubating
fractions extracted inwaterfor1 hat3z, membranes in Tris buffer (containing
with a hyperimmune serum preparedl.85 mmolL~ 3,3’ diaminobenzidingetra-
against the standard IgG. For the electrohydrochloride, 5.35 mmdl~! hydrogen
phoresis, proteins were extracted in boratgeroxide, 0.223 mmdl~t NiCl, 6H0),
buffer (0.1 molL-2 HBO;, 0.15 molL-1 for 5to 7 min.
NacCl, pH 8.0) for 1.5 h at room tempera-
ture [4]. Concentration of protein in the so- . )
lutions was determined accordingto Lowry ~ 2-4. Statistical analysis
et al [20], using bovine serum albumin as
the standard. Electrophoresis (SDS-PAGE) The SMP and ML diets gave similar val-
was carried out on mini-gels (8090 mm) ues; therefore, they were put together to be
[16], with Tris-glycine buffer (25 mmalL-1  the control diet. The realized experimental
Tris, 192 mmolL-! glycine, pH 8.3), a design did not allow a global statistical
12.5% acrylamide separating gel and a 4%analysis of the digestibility data, but only
acrylamide stacking gel. When required,paired t test between the control diet on the
dithiothreitol (200 mmoL-%) was used as one hand and the DC or DCLC on the other
the reducing agent. Molecular weight stan-hand.
dards were from Pharmacia Biotech (refer- .0 methods based on the comparison

ence 17-0446-01). Loadings were 1of 0 AA profile of digesta with that of di-

protein per track for pure products, 49 etary, endogenous and microbial proteins
for colostrum and 20Qg for the other diets wer?a/' used q[0 evaluate the originpof the
?nd g'?es'[las rI]EIetc;tlr(())pthgrsr:s WT‘S P€lYigesta proteins. The first method only al-
ormed for 1.0 h at 4U mA. 1n€ gels Were, s single comparisons between pairs of

stained for protein using Coomassie blu ; lculati he di
R250. After electrophoresis, the gels Wer%nlrg]tigsfo%\;gcu ating the distance

equilibrated for 15 min in the transfer
buffer and proteins were electro-transferred ) . . ) ,
(1 h, 100 mA) to nitrocellulose membranesX’ = 16 Z[(AAK —AAK) 2/[(AAK + AAK)/2],

in Tris-glycine buffer containing 0.1% SDS

(w/v) and 20% methanol (v/v). Transfer where AAik and AAjk were the respective
was monitored by staining membranes withpercentages of AAK in the sum of the as-
Ponceau red. Membranes were saturateshyed AA (glutamic acid excluded, see
using 5% (w/v) skim milk powder in Tris Sect. 3.2.), in the proteins i and j; k, which
buffer (20 mmolL-1 Tris, 137 mmolL~! represented the different AA, varied be-
NaCl, pH 7.6) for 2 h at room temperature.tween 1 and 16. The larger the valuexéf
They were incubated overnight with opti- the greater the difference between the com-
mal dilutions of specific antibodies or pared proteins. The second method [7] al-
hyperimmune sera, including affinity-puri- lows us to estimate the proportions of
fied rabbit polyclonal anti total bovine IgG dietary, endogenous and bacterial proteins
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which could be the main constituents ofright side were in g1 DM intake:

digesta protein. It uses a multiple regres-

sion analysis to establish the theoreticaSELpc or pcic= TEAApC or pec— NSEL

mixture of the reference proteins taken into (1)

account which minimizes thg? distance

with regard to the AA composition of TDpc orpcie= [lpcorbeLe

digesta. It provides a statistical significance— (TUpc or pcLc— NSEL)] /loc or pere (2)

for the fit between the theoretical mixture

and the digesta protein, as well as for thevhere be o pc.cWas the amount of intake

contribution of the reference proteins to theand Tl orpcic the total undigested

theoretical mixture. The composition of amount with the DC or DCLC diet

the diets, as well as literature data on milk

lg [8] were used for dietary protein. The RPoc orbcic= (Ioc orbeic

mean composition of axenic lamb faeces [6] — DAApc orbeLd /loc orpete: (3)

and calf meconium [9] was used as a model

of undigested endogenous protein. The

mean composition of sheep [21] and pig 3. RESULTS

[22] feecal bacteria was chosen to represent

the composition of gut bacteria. All the calves were healthy during the
experiment. However, one of them had an
abnormally high flow of digesta with the

. ML diet and the corresponding values were
2.5. Other calculations discarded.
Endogenous N or AA losses can be dis-  3.1. Nutrient digestibility

tributed between two fractions: a non-spe-

cific fraction (NSEL) resulting from the Apparent ileal digestibility values var-

normal activity of the digestive tract, and aied generally much more with the DC and

specific fraction (SEL) depending on the DCLC diets than with the control (Tab. II).

characteristics of the diet [27]. In calves Therefore, when the differences were great,

given diets based on milk protein, N andconditions of variance homogeneity were

AA escaping digestion in the small intes-never met to assess the significance of the

tine appear to be exclusively from endoge-differences between the control diet and the

nous origin [11, 31]; since the undigestedDC or DCLC. However, as far as N and AA

amounts and their AA composition do notwere concerned, the physiological signifi-

change with the protein content of the dietcance of the differences was supported by

[24], they were considered to representhe results obtained about the origin of the

NSEL. The respective amounts of total en-undigested fractions (cf. Sects. 3.2. and

dogenous (TEAAc o bclo and dietary 3.3.). Apparent ileal digestibility values of

(DAApc orpclod AA in DC and DCLC DM, organic matter, total N, AAN (Tab. I1)

digesta were estimated from the theoreticaind individual AA (data not shown) were

mixtures of control digesta and milk Ig that much lower with the DC and DCLC diets

presented the best fit with DC and DCLC than with the control. For example, values

digesta (see Sect. 4.2.). The SEle;pcic  fortotal Nwere 0.71,0.70 and 0.92, respec-

of AA, the true digestibility (TRyc orpcLd  tively. Values for fat were similar with the

of N and AA, and the real digestibility DC and control diets, but were much lower

(RDpc orpcLo of AA with the DC or with the DCLC. In contrast, values for ni-

DCLC dietwere calculated according to thetrogen free extract (NFE) were lower with

following equations, where the items on thethe DC diet than with the other two diets.
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Table II. lleal digestibility of feed constituents (means + SE).

Diet
ControP DC DCLC

Number of measurements 5 4 4
Apparent digestibility:

— dry matter 0.93+£0.010 0.79 £0.029 0.85 +0.028

— organic matter 0.94 £0.010 0.80 £ 0.026 0.86 = 0.026

— total nitrogen 0.92 + 0.007 0.71 +0.051 0.70 £ 0.076

— AANP 0.94 + 0.006 0.69 £ 0.072 0.74 £ 0.071

— fat 0.94 £0.024 0.94 £0.010 0.77 £ 0.066

— nitrogen free extract 0.95 + 0.008 0.81 + 0.036 0.95 + 0.069
True digestibility:

— total nitrogen 0.74 + 0.054 0.78 £ 0.081

— AANb 0.72 £0.075 0.79£0.071
Real digestibility:

— AANDP 0.83+£0.013 0.90 £ 0.026

agMP + ML.P Nitrogen of assayed amino acids, except amide-N of asparagine and glutafunthe calcula-
tions, see Section 2.5.

protein always contained more threonine,
serine, glycine, alanine and cystine, but less
of the other AA, except valine, lysine and
arginine than the corresponding diets; that
gesulted in great distances ¥ (= 69). In

3.2. AA composition of diets
and ileal digesta

Table Il shows the AA composition of

diets and digesta. As expected, the DC an , i
DCLC diets had very similar AA composi- contrast, differences between digesta were

tions (data not shown), resulting in a smaliSmaller §* < 35), although DC and DCLC
distance o2 (2). Compared to the control, dlge_sta contained more serine and less
they contained more threonine, serine@@nine than control digesta.

glycine and cystine, and less isoleucine and All digesta were very different from gut
leucine §2 = 49). Digesta from one of the bacteria ¥2 = 155) (Tab. V). DC and
calves had a much larger glutamic acid conDCLC digesta differed more from the undi-
tent than the others (31.01§)0 glassayed gested endogenous protein than did control
AA versus 14.7 to 16.9 with the control digesta)? = 72 versus 48). Also, they pre-
diet). Thatreflected a peculiarity for the ab-sented a less satisfactory fit with theoretical
sorption and/or the metabolism of that AA mixtures of endogenous and bacterial pro-
inthe gutwall of that animal. Therefore, the teins 2 = 50 versus 19). In contrast, they
diet effect was evaluated by comparing AAwere closer to milk IgX2 < 45 versus 88),
compositions of diets and digesta ex-suggesting they contained a high propor-
pressed as percentages of the sum of the asen of dietary protein. The protein of DC
sayed AA, glutamic acid excluded. Digestaand DCLC digesta could be a mixture of the
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Table Ill. Amino acid (AA) composition of diets and digestal@) g assayed AA).

Diet (means)

Digesta (means + SE)

frem ControP DC + DCLC Contrat DC DCLC

Asp 8.09 8.49 9.39 £ 0.479 9.13+0.489 9.37£0.381
Thr 4.32 6.06 8.47 £ 0.448 8.07 +£0.125 8.18 +0.743
Ser 5.52 7.27 7.11 £ 0.496 8.25 £ 0.508 8.76 £ 0.670
Glu 20.77 17.02 18.57 £3.307 19.31 £ 1.595 14.98 £ 0.815
Pro 9.44 8.81 6.98 +0.193 7.87 £0.332 7.53 £0.079
Gly 1.99 2.92 4.79 £ 0.156 4.60 £ 0.317 4.37 £0.347
Ala 3.46 3.82 5.49 £ 0.366 4.02 £0.121 4.60 = 0.098
Val 6.23 6.63 6.10 £ 0.292 6.39 £0.133 7.21 £0.075
Cys 0.81 1.77 3.15+0.233 2.96 +0.209 3.07 £0.125
Met 2.2 2.12 1.28 £ 0.081 1.02 £ 0.077 1.49 £ 0.239
lle 5.03 4.19 4.00 £0.201 3.10+0.186 3.90 +0.336
Leu 9.29 8.31 6.42 + 0.402 6.26 + 0.564 7.54 +0.337
Tyr 4.95 5.02 3.82+£0.314 3.94 £0.427 4.35+0.313
Phe 4.84 4.47 3.78 £0.232 3.21+£0.244 4.00 £0.210
Lys 7.2% 6.95 4.80 +0.375 6.59 + 0.367 5.13+0.570
His 2.45 2.28 2.10+0.123 2.06 £0.110 1.83 £0.083
Arg 3.41 3.91 3.79+0.276 3.25+0.205 3.70 £ 0.089
> AAc 109.8 106.0 81.8+4.28 107.2 £3.10 91.4+1.67
AANd 86.7 85.5 66.1 +£2.87 86.6 £ 2.64 73.8+1.41

aSMP + ML.P Supplements excluded for SMPSum of assayed AA (46 g2 N). 9N of assayed AA, except
amide-N of asparagine and glutamine (% of total N).

endogenous and bacterial proteins found in  3.3. IgG immunoreactive material

control digesta plus the dietary protein. In-
mixtures of control
digesta (0.77 or0.73) withthe DC or DCLC

deed,

theoretical

in diets and ileal digesta

Immunoreactive IgG concentrations as-

diet (0.23 or 0.27) resembled slighly moresayed by radial immunodiffusion were 11,
D_C or DCLC digesta than did control 468 and 481 ¢g! protein (protein = sum
digesta alonex? = 28 or 12 versus 35 or ofthe assayed A% 0.9293, for taking into

19). However, better fits were obtained withaccount the peptidic bonds) in the control,
mixtures including milk Ig, instead of the pC and DCLC diets, respectively. They
total dietary protein ¥*=16 or 8 with were not measurable in any control and in
0.46 or 0.37 Ig plus 0.54 or 0.63 controltwo DCLC digesta. They were moderate
digesta). (70and 127 gg*protein) in the other two



450 R. Toullec et al.

Table IV. Distances of? between ileal digesta protein and various proteins

Digesta Contrdl DC DCLC
Control digesta (Cdg) - 35 19
DC digesta 35 -25
DCLC digesta 19 25 -
Control diet 266 248 217
DC diet 117 94
DCLC diet 106 90
Immunoglobulins (I 88 41 45
Undigested endogenous protein (UEP) 48 72 78
Gut bacteria 155 238 188
0.67 UEP + 0.33 gut bacterfa 19 - -
0.77 Cd§ + 0.23 DC diet - 28 -
0.73 Cdg + 0.27 DCLC diet - - 1
0.54 Cdf+ 0.46 Ig& - 162 -
0.63 Cdg + 0.37 Ig&d - - 8

1 For the calculation of the distance g, see Section 2.£SMP + ML. 3 Milk immunoglobulins [8].* Mean
composition of axenic lamb faeces [6] and calf meconiumJ®)ean composition of pig [21] and sheep feecal
bacteria [20]2PP < 0.001 for either the fit between ileal digesta and the theoretical mpoutae contribution
of the constituent to the mixtdte

DCLC digesta, butwere very highinall DC was greater (~ 62 kgiot?) than for the
digesta (470 + 134.gg! protein, mean standard IgG. The reason for this discrep-
+ SE). ancy is not known. In contrast, three main
The results of immunoblotting assayspolypeptides (~ 32 to 58 kgotl) were

are summarized in Table V. Mr valuesfound in the corresponding digesta. Be-
preceeded by “ >” were values that couldsides, three faint bands (~27 to
not be calculated precisely because they2 kgmol?) were detected in the diets and
were much larger than the largest standartivo (< 27 kgmot?) in digesta. In non-re-
(94 kgmolY) used in SDS-PAGE. The duced samples, three major bands
polyclonal antibodies and the two (Mr> 138or~ 61and57 koot respec-
hyperimmune sera directed against IgGtively) and two faint bands (~ 110 and
IgG;-Fc or IgG-Fab, respectively, recog- 95 kgmot?) were present in the DC and
nized only a polypeptide of DCLC diets. Five major bands (~ 32
Mr ~ 55 kgmol1in the reduced sample of to > 133 kgmol?1) were present in DC
the total bovine serum IgG used as standigesta, but only two (~53 and
dard; that suggested they were specific 085 kgmot?1) in DCLC. Two to six faint
they heavy chains whose Mr is ~ 52 to bands (~ 21 to > 126 kaol?L) were de-
59 kgmoltin bovine IgG [5]. Only a ma- tected in DC and DCLC digesta. Only faint
jor polypeptide was also recognized bybands were apparent in reduced or non-re-
them in the DC and DCLC diets, but its Mr duced samples for control digesta. Finally,
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Table V. Mr (kg-mol?) of the immunoreactive fractions detected by immunoblotting with polyclonal
anti IgG antibodies and two hyperimmune anti /g% or anti |gG-Fab sera in diets and digesta

Conditions of electrophoresis reducing non-reducing
Bovine serum IgG 552 > 146
(130, 119, 93, 59)
DC and DCLC diets 62 > 138, 61, 57
(42, 38, 27) (111, 95)

Controb digesta (58, 31) (> 126)
DC digesta 57,41, 33 >133-138, 83, 63, 48

(27, 16) (> 115, 88, 52, 32, 25)
DCLC digesta 61, 43, 33 55, 50

(27, 16) (> 120, 110, 93, 34)

1with the monoclonal antk or k light chains a marked band (Mr ~ 26 kgol™) in the DC diet and digesta, a
faint band (Mr ~ 19 kgnol %) in DC digesta (DCLC, SMP and ML digesta not assayed for light chains).
abBands ofstrong? or fain® intensity.

in reduced samples of the DC diet andcolostrum ingestion. The true and real di-
digesta, both monoclonal aritior k light  gestibility of NFE, calculated as shown for
chain showed a unique major polypeptideN and AA in Section 2.5., appeared to be
with a Mr ~ 26 kgmol-! similar to that of complete for the three diets. In contrast, the
intact chains [5]; a faint band amount of undigested fat was 2.7 times
(~ 19 kgmolY) was also detected in higher with the DCLC diet than with the
digesta. Light chains were not assayed irDC, although fat proportion was higher in
DCLC and control digesta. the latter (Tab. I). Thus, fat provided by the
UHT cream appeared to be less efficiently
digested than fat from colostrum.
4. DISCUSSION
The amounts of N undigested per kg DM
intake were 2.7+0.3, 24.1+3.9 and
4.1. Nutrient digestibility 8.6 + 2.2 g with the control, DC and DCLC
diets, respectively. These variations were
In the present experiment, comparisonslso larger than those of the amounts of in-
of apparent digestibility values are partially take (Tab. 1), and the true digestibility of N
hampered by differences between the dietand AAN was far from complete for the
especially for their NFE, fat, and CP con-DCLC and especially the DC diets (0.79
tents. The amounts of undigested NFE werand 0.72, respectively, for AAN) (Tab. II).
similar with the three diets (25to 28kgl  Similar trends were observed for all the
DM intake), although the dietary concen-AA, especially cystine, threonine and
tration was much lower with the DC than glycine (data not shown). These incomplete
with the others (Tab. I). Therefore, undi-true digestibility values were expected
gested NFE corresponded probably to ensince the immunochemical assays demon-
dogenous products [2], whose total lossestrated the presence of large amounts of
did not appear to change appreciably withcolostral IgG in digesta. Whether increased
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losses of endogenous N could also be inSect. 2.4.), the total endogenous losses of
volved in the low true digestibility values AA were estimated to be approximately
recorded with the DC and DCLC diets was76 + 11 and 31 + 11 g AXg~1 DM intake
estimated from AA profile comparaisons. for DC and DCLC, respectively. They were
4.8+ 1.7 and 2.0 + 1.3 times higher than
. _ _ the values observed in the same calves
4.2. Origin of undigested protein when given the control diet. Therefore, the
) DC and DCLC diets appeared to induce
Immunoblotting showed 19G from the high specific losses of endogenous protein,
DC and DCLC diets were mainly intact as was also shown by a 2.3 and 1.3 times
molecules including two heavy and two increased flow of mucins at the end of the il-
light chains. Some free heavy and lighteum [23]. According to the metabolic cost
chains were also present. A small part ofestimated for the synthesis of endogenous
lgG chains had also been partially hydro-protein [13], these specific endogenous
lyzed as shown by the faint bands at 95 anqbsses could increase the maintenance re-
110 kgmol, and between 27 and quirement by 15 and 5%, respectively.
42 kgmol, in non-reduced and reducedmany dietary constituents (antinutritionnal
samples, respectively. That could be ex{actors, fibres, non-self proteins, etc.) have
pected since the presence of low moleculapeen shown to give rise to specific endoge-
weight forms of IgG has been describednous losses [28]. The present experiment
many times in secretions [5]. Intact andsuggests “self” proteins resistant to diges-
slightly digested heavy chains appeared tgion could also have that effect. The in-
be abundant in DC and DCLC digesta. In-yolved mechanisms (mechanical dragging,

tact and slightly digested light chains werehydrophobic interaction, etc.) remain to be
also abundant, at leastin DC digesta. As fagstablished.

as the heavy chains were concerned, the

major frallctions with  Mr~41 and  op these bases, the average amounts of
32 kgmol= could have resulte(_j from the undigested dietary AA would be 86 + 27
loss of one and two half-domains, respecynq 16 + 2 &gt DM intake, i.e. 17 + 6
tively [30]. Thelhght cha_|n fract|0|_'1 With  5nd 10 + 1% of total AA intake, with the
Mr ~ 19 kgmol found in DC digesta pc and DCLC diets, respectively. There-
could correspondto the loss of alinear zongg ¢ the real digestibility of total colostrum
notl_nvolved in a globular domf_;un. The part opN appeared to decrease from 0.90 to
of intact and/olr almost intact 19G (83 \when the amount of intake increased
(Mr > 130 kgmol~) appeared to be greater ool (Tab. II). A similar trend was ob-
in DC Q|gesta than in DCITC digesta. Thatgapyed for all the assayed AA, except
was in agreement with the lower nethionine and isoleucine (data not
immunoreactivity of DCLC digesta com- ghown). These differences should be con-
pared to DC in radial immunodiffusion. gigered cautiously, because they did not
Thus, 1gG from the DC diet appeared {0 ggyit from direct measurements. Neverthe-
largely escape digestion in the small inteSyeg5. they were suported by the presence of
tine without extensive degradfcmon as Wagarger amounts of less degraded IgG in DC
found by Kumano et al. [15] in newborn gigesta as compared with DCLC digesta. In
calves given colostrum. In contrast, undi-conirast, no decrease of the real digestibil-
gested IgG a_lppeared tobe more extenswelxy was observed by doubling the propor-
degraded with the DCLC diet. tion of soluble wheat protein and whey
From the theoretical mixtures of control protein at the expense of skim milk protein
digesta and Ig which presented the best fitn diets whose crude protein content was
with the DC and DCLC digesta (cf. maintained at 219-ggl DM [33]. That
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suggested the protein content of the DC diet
could be beyond the level up to which its

real digestibility stayed constant. This phe-
nomenon is more documented for starchy
whose digestibility decreases when its con-
tent increases in the diet [32].

[
4.3. Conclusion

This study demonstrates 1gG from |

colostrum largely resist digestion up to the
end of the ileum, even a long time after[7
birth. The colostrum-based diets appeared
also to induce a specific loss of endogenous
protein. The extent of both phenomena de-
pended on the amount of IgG intake, but rég)
mained significant when the protein

concentration of the diet was reduced to
36% of its initial value in colostrum. There-

fore, colostrum is a less efficient source ofl®]
protein than mature milk. However, its IgG

should partially keep their local protective
effects along the digestive tract; that could
be useful after the neonatal period to limit[10]
the development of enteric pathogens.
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