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The nutritional quality of milk proteins, evaluated both in terms of digestibility and postprandial
oxidation and retention in human subjects, was investigated in this study. Five healthy adult
volunteers were given 480 m®N-labelled milk (i.e. 190 mmolN)."®N was subsequently
determined at the ileal level, using a naso-intestinal intubation technique, as well as at the
faecal level. Plasma and urine were sampled for 8 h after meal ingestion. Dietary exogenous N
recovered at the terminal ileum after 8 h reach&d(@&: 0[8) mmol while the amount collected in

the faeces was® (SE O7) mmol after 5d. The true ileal and faecal digestibilities wer&95

(SE 0) % and 966 (SE 02) % respectively. The appearance &lNJamino acids in the plasma

was rapid and prolonged. The measuremerfifin the body urea pool and in the N excreted in

the urine allowed us to calculate the deamination occurring aftijrhilk protein absorption.

The net postprandial protein utilization (i.e. NPEBUN apsorved™ N geaminatedNingested, Calculated as

an index of protein quality 8 h after milk ingestion, wad®{sE 19) %. Our data confirm that

milk protein has a high oro-ileal digestibility in man and demonstrate that milk protein has a high
NPPU, an index corresponding to a period in which the dietary protein retention is maximal.

Milk: Protein quality: Intestinal absorption

The nutritional value of dietary proteins for man is related World Health Organization, 1990), these approaches do not
to their ability to achieve N and amino acid requirements consider the acute metabolic events concomitant with
for growth and maintenance (Munro, 1969; Young & dietary protein ingestion. Previous studies have been per-
Pellet, 1988; Rennieet al. 1994; Millward & Pacy, formed to assess milk-, soyabean- and pea-protein quality
1995). This ability is related both to the digestibility of for man using the measurement of true ileal digestibility
proteins and to the subsequent metabolism of the absorbedMahe et al. 1992; Gausseseet al. 1996). A complemen-
amino acids. Dietary protein quality is classically inves- tary approach considers the acute metabolic fate of the
tigated by carrying out long-term balance studies in ingested dietary protein N. In this case, the difficulty of
animals or human subjects given different levels of measuring short-term retention of dietary protein N in
protein in their diet (Braudeet al. 1970; Alm, 1981; human subjects can be circumvented by the uséef

Lee et al. 1988). Additional methods take into account labelled proteins that make it possible to follow the meta-
the chemical score using the amino acid composition of bolic fate of dietary N (Mahest al. 1994; Gaussesst al.

the protein in comparison to a reference protein, or the 1997). The present study was conducted to determine ileal
protein digestibility-corrected amino acid score including N digestibility and postprandial N utilization of milk
the digestibility factor (Block & Mitchell, 1946; Food and protein N in human subjects.

Agriculture Organization/World Health Organization, *N-labelled milk was ingested by healthy volunteers and
1990; Millward & Pacy, 1995). Although the chemical !N was subsequently measured at the ileal, faecal, plasma
score and the protein digestibility-corrected amino acid and urine levels. The net postprandial protein utilization
score are now the currently accepted procedures for assesSNPPU) was calculated from both true ileal digestibility and
ing protein quality (Food and Agriculture Organization/ true **N-labelled milk protein deamination.

Abbreviations: NPPU, net postprandial protein utilization; PSP, phenolsulfonpthalein.
* Corresponding author: Dr Sylvain Mahe fax +33 1 44 08 18 25, email mahe@inapg.inra.fr
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Materials and methods form of the cation exchange resin (BioRad Dowex AG-
50X8, mesh 100-200; Interchim, Montlue, France). The
preparation of the NHK* form of the resin has been
Five volunteers (two males and three females) with a meandescribed previously (Gausssret al. 1997). For amino
age of 29 §E 4) years (range 21-41 years) and a mean BMI acid and urea extraction, 2 ml plasma was added to 100 mg
of 24 (SE 1) kg/m* were selected in accordance with the solid 5-sulfosalicylic acid, mixed and kept for 1h at 4
following criteria: no history of gastrointestinal surgery; After centrifugation (240@ for 20 min at 4), the super-
absence of gastrointestinal system disorders; absence ofiatant fraction was collected. From the urine, Nihs first
pregnancy; a stable, satisfactory nutritional status and aextracted using the prepared NK ™ form of the cation
stable body weight. The protocol was previously approved exchange resin by the batch procedure. The supernatant
by the Ethical Committee of the St Germain-en-Laye fraction was retained for urea extraction. The urea was
Hospital (78100 St Germain-en-Laye, France). All subjects extracted from both the plasma supernatant fraction and
gave informed consent for their participation in the study. the NHs-free urine fraction by hydrolysis with ureaseq
3.5.1.5) for 2h at 30on the cation exchange resin. The
Diets resins were washed five times with distilled water and stored
at £. NH; and urea-derived NEi(for isotopic determina-
5N-labelled milk was obtained from a cow whose drinking tion) were eluted from the resins by the addition & -
water had been supplemented daily with 8GINH,),SO, KH ,SO;.
(30 g in the morning, 50 g in the evening) for 14 d. TH-
labelled milk (mean 0954 atom % excess) was then
skimmed and subsequently pasteurized®(@® min). The
meal was made up of 480ml skimmed milk containing PSP concentrations in the effluents were measured by a
190 mmol N. spectrophotometric method (Scheld, 1966). Total N content
of the digesta was determined using an elemental N analyser
(NA 1500 series 2, Fisons Instruments, Manchester, UK)
with atropine as standard. Urea was assayed in both plasma
On the day before the experiment, the volunteers wereand urine by an enzymic method (urease—glutamate
admitted to the hospital and the intestinal tube was passeddehydrogenasd;C 1.4.1.2) on a clinical analyser (Dimen-
from the nose to the terminal ileum, as previously described sion, Dupont de Nemours, Les Ulis, France). Nitas
(Mahe et al. 1992). Subjects had dinner at 20.00 hours and measured in the urine by an enzymic method (glutamate
then fasted overnight. On the morning of the study, the dehydrogenase) on a clinical analyser (Kone, Evry, France).
position of the tube was checked by radioscopy. A small The **N: N isotope ratio was determined by isotope-ratio
catheter was placed in the forearm vein for blood sampling. mass spectrometry. A portion of sample (2-3mg freeze-
Subjects were given the test meal (i.e. 480 ml pasteurizeddried faecal and ileal samples, 20—&5liquid plasma or
skimmed milk), and the intestinal sampling period lasted for urine samples) was combusted at 1020an elementary
8 h. Starting 30 min before meal ingestion at 10.00 hours andanalyser (NA 1500 series 2, Fisons Instruments), coupled
continuing throughout the test period, a saline solution with an isotope-ratio mass spectrometer (Optima, Fisons
(130 mmol NaCl/l, 30 mmol mannitol/l, 5mmolKCI/l) con- Instruments). The isotope ratio was measured in reference to
taining phenolsulfonphthalein (PSP, 400 mg/l) was perfused calibrated®N/**N nitrogen gas (purity> 9909999 %, Q <
into the intestine at a rate of 1 ml/min to calculate the intestinal O wl/l).
flow rate (Modiglianiet al. 1973). Intestinal samples were
obtained by continuous suction through the distal opening of
the tube. Digesta were collected over ice and pooled at 30 min
intervals. Subjects were not allowed to drink or eat until the The intestinal flow rate (F) was calculated from the PSP
end of the collection period. The digesta samples were treatedconcentrations for each 30 min period=£K(PSR/PSR) -
with the protease inhibitor diisopropylfluorophosphate and 1)xF,xt, where PSP is the concentration of PSP in
then frozen at-20° and lyophilized. Blood samples were the perfusion liquid, PSPis the concentration of PSP in
collected into heparin every hour during the 8h study. The the sample, Fis the perfusion flow rate (1 ml/min) and t is
plasma was immediately separated from the whole blood by the time period (30 min)). The total N content of digesta
centrifugation and frozen at2C° until later analysis. Urine  (mmol N/30 min) was derived from the following formula:
was collected every 2 h for 8 h, treated with thymol crystals Ng.gigestz== (NsX DM ¢x F)/140, where Nis the N content of
and liquid paraffin (CPF Laboratories, Melun, France) as the freeze-dried sample (g/100g), QN4 the DM of the
preservatives and stored atuntil later analysis. The entire sample (g/100ml) and F is the intestinal flow rate (ml/
stool output was collected every day for 5d, weighed and 30 min). The total N content of the faeces was calculated
freeze-dried before analysis. from: Niot.taeces= Ns X DM x W, where N is the N content
of the freeze-dried sample (g/100 g), QM the DM of the
sample (g/100 ml) and W is the sample weight (g/d). The
exogenous N (i.e. originating from the milk N) (M) in
each fraction X (faeces, digesta, urinary urea ands;NH
Urea and NH were isolated using the batch method plasma urea) was determined according to the following
described by Preston & McMillan (1988), using a M&™ formula: Neyo-x = Niotx X (Ex — Eo)/(Emik — Eo), where Ngi.x

Subjects

Analytical methods

Experimental design

Calculations and statistical analysis

Extraction of amino acids, urea and ammonia in plasma
and urine
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is the total N content of this fraction,Hts *>N-enrichment the 5d following milk ingestion were8 (SE 0[8) mmol N
(atom %), E is the enrichment of the milkingested angl E  and 63 (SE 0[7) mmol N respectively. Consequently, the
is the natural enrichment of each fraction. Total N contentin true ileal and faecal digestibilities of*N]milk protein
the plasma urea was calculated as the product of the plasmavere calculated as @ (SE 04) % and 9@ (SE 04) %
urea concentration and its volume of distribution, corrected respectively, and were not significantly different from
by a factor of 92 % which represents the water content of each other.

blood, assuming that urea diffuses throughout the total body
water. Total body water was estimated using the equation of
Watsonet al. (1980). Total body urea N remained stable
during the experimental period (384(SE 297) mmol N).
Results are expressed as means with their standard errorsThe intestinal absorption of®N was correlated with a
Statistical analysis was performed using one-way ANOVA significant increase < 005) in the **N-enrichment of

and Tukey’s studentized range test (SAS/STAT, version the amino acids in the plasma that peake@@7—-00069
6.03; SAS Institute Inc., Cary, NC, USA). A probability of atom % excess) from 1 to 3 h following milk ingestion and

P < 005 was considered to be significant. then progressively decreased (Fig. 2(a)). In paraitsl was
progressively transferred to both body urea N (Fig. 2(a)) and
urine N as urea and N{{Fig. 2(b)). Urinary NH enrich-
ment peaked at 4 h @3 atom % excess) and then quickly
decreased, whereas urinary urea enrichment increased until
6 h after the meal ingestion @6 atom % excess). The
The recovery of exogenousSN was first determined both  level of exogenous N (mmol N) transferred to the body urea
in the intestinal effluent recovered at the terminal ileum pool increased in the 5h following ingestion, peaked at 4—
and in the faeces following®N-labelled milk ingestion ~ 5h and then slowly decreased. The cumulative amount of
(Fig. 1). The amount recovered at the terminal ileum exogenous™N recovered in both the total N and urea
peaked after 1h and then decreased during the next 7h.
No significant amount of exogenous N was recovered at
the terminal ileum at the end of the 8h. The amount
recovered in the faeces remained at a very low level after 0-020}
24 h, peaked after 60h and progressively decreased. The
cumulative values of°N-labelled milk N recovery at the

[ **N]milk nitrogen distribution in the plasma amino acids,
in the body urea and in the urine nitrogen
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Fig. 1. Exogenous nitrogen recovered in the ileum (O) and in the
faeces (®) following ingestion of [**N]milk by healthy adults after an
overnight fast. Each value represents the mean of five subjects. For
details of procedures, see pp. 222—223.

Fig. 2. N-enrichment in (a) the plasma amino acid fraction (O) and
the body urea pool (®) and (b) the urinary ammonia (A) and the
urinary urea (A) following **N-labelled milk ingestion by healthy
adults after an overnight fast. Values are means of five subjects
with their standard errors represented by vertical bars. For details of
procedures, see pp. 222—-223.
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Fig. 3. (a) Exogenous nitrogen in the body urea pool, (b) cumulative
excretion of exogenous nitrogen in the urine as urea (A), ammonia
(A) and total nitrogen (M) and (c) N deamination calculated as the
sum of exogenous urea nitrogen excreted in the urine and the
exogenous nitrogen present in the body urea pool following ingestion
of [®N]milk by healthy adults after an overnight fast. Values are
means of five subjects with their standard errors represented by
vertical bars. For details of procedures, see pp. 222-223.

fractions in the urine progressively increased after milk
ingestion. The cumulative amount dfN recovered as
NH3 in the urine reached a plateau value @2Dmmol. At

C. Boset al.

amount of exogenous N that remained in the urea body
pool every 2h after milk ingestion. The quantity of exo-
genous N arising from*N-labelled milk amino acid
deamination reached a value of[2§SE 4[1) mmolN 8h
after milk ingestion, representing M of the absorbed
dietary N.

Net postprandial protein utilization dfN-labelled milk

Following meal ingestion, protein utilization must be
considerably higher than calculated from the daily balance
data. Consequently, the true ileal digestibility ®5
(SE 04) %) and the true exogenous N deamination measured
in the 8h following ®N-labelled milk ingestion (28

(sE 41) mmol N) allow for a calculation of the true net
postprandial protein tiization as: NPPU= (N apsomed

N geaminated Ningesea ThiS NPPU s indicated by a value of
810 (SE 19) % for milk protein N.

Discussion

This study was designed in order to assess milk N avail-
ability and subsequently protein nutritional quality in
human subjects using the determination of both true digest-
ibility and postprandial retention of uniformf?N-labelled
milk protein N. Among the different methods used to assess
dietary protein quality for man, the chemical score and the
protein digestibility-corrected amino acid score do not
consider the acute metabolic events concomitant with diet-
ary protein assimilation. Methods based on digestibility and
protein retention are of great interest in order to account for
the short-term utilization of dietary proteins. We have
recently demonstrated that the use'd{-labelled proteins
makes it possible to follow the metabolic fate of dietary N
(Gausserget al. 1997). Assessing the postprandial utiliza-
tion of dietary proteins is an appropriate method to evaluate
protein sources in terms of nutritional quality, because
this variable is known to influence protein synthesis and
proteolysis (Marchingt al. 1993).

The digestive stage of protein utilization showed that ileal
digestibility of milk N was high, i.e. 98 %. This result
strengthens previous data showing that milk protein has a
high digestibility, regardless of the form of administration:
whole milk, purified proteins, fermented milks (Mabeal.
1992; Gaudichoet al. 1995). The comparison between ileal
and faecal true digestibilities, calculated from milk protein
exogenous N recovery, showed a slight overestimation of
the faecal compared with the ileal value, though the differ-
ence was not significant. This result is consistent with the
current idea that non-absorbed N is metabolized by colonic
micro-organisms, leading to an underestimation of exo-
genous N in the faeces, but the results showed that this
underestimation was low in the present experimental
conditions.

Estimation of protein quality using only the digestibility
factor does not appear to be adequate, because amino acid

8 h, values for urinary exogenous N excreted as total N and absorption kinetics play a key role in the metabolic utiliza-

as urea were 1B (S 2(1) and 146 (SE 19) mmol respec-
tively. The postprandiaN-labelled milk protein deamination

tion of N (Kies, 1981; Boirieet al. 1997). We investigated
exogenous®N in the plasma amino acid pool, i.e. after the

kinetics were evaluated as the sum of the cumulative amino acids had passed through the hepatic circulation.
amount of exogenous N excreted in the urine and the As we followed the N labelling rather than the amino
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