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In Vivo Digestibility of Bean (Phaseolus vulgaris L.) Proteins: The Role

of Endogenous Protein

Ursula M. Lanfer Marquez® and Franco M. Lajolo

Departamento de Alimentos e Nutri¢do Experimental, Faculdade de Ciéncias Farmacéuticas—USP,
Caixa Postal 66355, CEP 05389 Séo Paulo, Brazil

The effects of ingestion of diets containing cooked whole beans, albumins, or globulins on the fecal N
and S origin were evaluated in rats by employing 15N- and 35S-labeled beans. The ingestion of whole
beans caused the highest N and S excretion, mostly originated from exogenous sources. Whole beans
and, to a lesser extent, albumins also increased metabolic fecal nitrogen excretion which represents
approximately 20% of total N elimination. Isolated cooked bean globulins are well digested, having
no effect on metabolic protein output. This suggested that other, nonprotein components present in
whole beans may be involved in the increase of both exogenous and endogenous fecal protein.

INTRODUCTION

The low nutritional value of dried bean (Phaseolus vul-
garis L.) proteins is attributed to low content and limited
availability of essential amino acids (Evans and Bauer,
1978; Hernandez-Infante et al., 1979), to the presence of
heat stable (Bressani et al., 1982; Deshpande et al., 1982)
and residual heat labile antinutritional factors, or to poor
protein digestibility (Sgarbieri and Whitaker, 1982;
Thompson and Gabon, 1987).

The in vitro and in vivo digestibility of bean protein in
rats is about 70% (Bressani and Elias, 1984; Durigan et
al., 1987). In humans, bean protein digestibility is lower,
reaching no more than 60 % of the ingested nitrogen (Na-
varrete and Bressani, 1981; Bressani et al., 1982).

Cooking may improve the nutritional value of beans by
eliminating some of the antinutritional factors, but protein
digestibility remains poor. Under some conditions cooking
may reduce protein digestibility. Lanfer Marquez and
Lajolo (1981) reported a decrease in digestibility of isolated
bean albumins on cooking.

The poor digestibility of beans has several causes: (1)
formation of enzyme-resistant protein-tannin or protein-
phytate complexes (Artz et al., 1987, Aw and Swanson,
1985); (2) direct partial inhibition of digestive enzymes by
phenolics or phytates (Thompson et al., 1984: Singh, 1984);
(3) unfavorable protein conformation or sequence of amino
acids in the protein (Chang and Satterlee, 1981); (4)
protein—protein or protein-carbohydrate interactions dur-
ing thermal treatment (Semino et al., 1985). Protein
digestibility is also related at the intestinal level to the
indirect action of beans that leads to an increased excretion
of endogenous body nitrogen. Bender and Mohammad-
iha (1981) and Sandaradura and Bender (1984) observed
increased excretion of DNA and N from rats fed cooked
beans and attributed the increases to an increased rate of
mucosal cell turnover. On the contrary, Fairweather-Tait
et al. (1983) observed only a moderate exfoliation of
intestinal mucosal cells and concluded that the high N
excretion was due to indigestible carbohydrates increasing
the activities of the intestinal flora, leading to greater fecal
N concentrations.

The objective of this research was to clarify the origin
of fecal N and S in rats fed cooked whole beans or albumins
and globulins extracted from the beans. 18N- and 35S-
labeled beans were employed to separate exogenous (un-
digested dietary protein) from endogenous protein (res-
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idues of enzymic secretions, intestinal mucosal cell lining,
and bacteria) elimination. Conventional methodology
used previously did not consider specific metabolic ab-
sorption and secretion processes that occur in the gas-
trointestinal tract and significantly alter the composition
of fecal nitrogen.

MATERIALS AND METHODS

Labeling of Beans. Bean seeds (P. vulgaris L.) of Carioca
cultivar were grown under controlled conditions, using ¥\NH,Cl
(10.5% of N as 1N) and Na;%S0; (0.5 mCi) as fertilizers. The
leaves received five additional sprays of 5’NH,Cl in a 1% solu-
tion 5 weeks after planting. The beans were harvested 3 months
after planting, dried, selected, and stored in a freezer.

Fractionation of Bean Proteins. The dried beans were
ground to flour and passed through a 0.250-mm sieve; albumins
were extracted with water and globulins with 0.5 M NaCl
containing ascorbic acid (0.25 M) as previously described (Lan-
fer Marquez and Lajolo, 1981).

Thermal Treatment. Bean protein fractions were autoclaved
at 121 °C for 30 min, at a flour to water ratio (w/v) of 1:5 for
whole bean and 1:10 for the isolated protein fractions. Auto-
claved beans with cooking water were dried in a circulating air
oven and reground to pass a 60-mesh sieve. The protein fractions
were lyophilized.

Biological Experiment. Diets. Rats were fed a powdered
10% protein diet containing either the whole bean flour or the
isolated bean proteins. The compositions of the experimental
diets are presented in Table I.

Experimental Design. Thestudy was assessed by evaluating
simultaneously ingestion and fecal excretion of total nitrogen,
16N, total sulfur, and 35S for each diet.

Six female (23 days old) Wistar rats were weighed and housed
individually in screen mesh bottomed metabolic cages and fed
ad libitum on one of the three nonlabeled experimental diets
during an adaptation period of 3 days.

At the end of the adaptation period the number of rats in each
experimental group was reduced to four, which were then
submitted to a balance period of 12 days. From day 1 to day 6
each rat received a double labeled protein diet identical in
composition with adaptation nonlabeled diet. From day 7 to
day 12 the rats again received the nonlabeled diets. The feces
of each rat were collected every 24-h interval, beginning at the
12th hour after the first ingestion of the labeled diets and ending
12 h after the ingestion of the last nonlabeled diet. Feces were
dried to constant weight at 90 °C and analyzed individually.
Food consumption was recorded daily.

Protein Determination. Total N was determined by the
micro-Kjeldahl method (AOAC, 1975). A conversion factor of
6.25 was used.
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Table I. Composition of Experimental Diets
10% protein diets based on

ingredients whole bean albumins globulins
protein source, % 40.9 15.3 114
cornstarch, % 45.6 71.2 75.1

@ Diets were fed as powders, containing 8% corn oil, 1% cellulose
powder (Avicel pH 101, FMC Corp., Philidelphia, PA), 3.5% mineral
mixture, and 1% vitamin mixture (AIN-76 formulation; American
Institute of Nutrition, 1977).

Table II. Nitrogen, Sulfur, 5N, and 3S Contents in
Protein Sources and Diets

elements whole bean albumins globulin Gl
protein sources
total N, % 4,12 £ 0.08 11.31 £ 0.07 16.92 £ 0.07
total S, % 0.238 £ 0.007 0.511 £ 0.010 0.240 £ 0.001

I8N, % of 16N
atoms in excess

1.052 £ 0.026 1.124 + 0.007 0.960 % 0.005

%S, dpm X 104/g 22.44 £0.21 44.40 £ 042 21.42%0.21
dietss
total N, % 1.64 £ 0.02 1.60 = 0.03 1.55 + 0.03
total 8, % 0.17 £0.01 0.14 £ 0.01 0.09 £ 0.01
16N, % of 15N 0.493 1.076 0.498
atoms in excess
38, dpm X 104/g 4.91 7.14 1.17

¢ Whole bean and globulin diets were prepared by mixing protein
sources with 50% unlabeled protein sources.

Total Sulfur Analysis. Beans, isolated bean protein frac-
tions, diets or feces were digested with nitric and perchloric acid
(Krug et al,, 1977). The resulting sulfate was determined tur-
bidimetrically with barium chloride solution in an automated
analytical system, equipped with a Varian spectrophotometer,
Model 634 (Krug et al., 1983).

Radioactive Sulfur Counting. Total 3*S was determined
after mineralization with nitric and perchloric acid (Krug et al.,
1977). Aliquots of the radioactive solutions were counted by
liquid scintillation spectrometry using the scintillation fluid
described by Bray (1960) and a Beckman LS 100C liquid
scintillation counter. Radioactivity was corrected for background,
counting efficiency by the external standard method, and decay,
when appropriate. Sufficient counts were accumulated so that
the counting error was less than 2%.

Evaluation of N Enrichment. The quantity of !N was
evaluated by using a Varian mass spectrometer, Model Matt
230, according to the method of Proksch (1969). The concen-
trations were expressed as percent of 1*N atoms in excess, by
subtracting natural N (0.365%) from experimental values, or
as milligrams of 1N in excess (considering negligible the mass
variation from 4N to 16N).

RESULTS AND DISCUSSION

Excretion Pattern of N and 38. Efficiency of
incorporation of 15N and 35S and amounts of total nitrogen
and sulfur in the whole bean and in isolated protein
fractions are presented in Table II.

Figure 1 shows the fecal excretion of 15N of rats on labeled
whole bean, albumin, or globulin diets during the entire
12-day experimental period. The amount of !°N excreted
in feces increased during the first 2 days of ingestion of
labeled diets, reaching then an equilibrium in which
relation between 18N ingested and fecal excreted 1*N was
approximately constant. This equilibrium, considered a
steady state, was maintained until day 6 when the rats
were again fed unlabeled diets.

The 15N excreted during the steady-state period was
29.4% of the ingested for whole beans, 14.8% for albumins,
and 3.5% for globulins, while the 35S elimination in the
equilibrium was higher, 32.4%, 18.7%, and 6.7%, respec-
tively, for whole beans, albumins, and globulins. The fecal
358 excretion pattern (Figure 2) was similar to the 1N
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Figure2. Fecal excretion of S, expressed as percent of ingested
8.

Table III. Total Nitrogen and !*N Digestibilities of Whole
Bean and Isolated Protein Fractions

protein source

measure whole bean albumins globulins
intake
total N, mg 93.35 £ 4.57 106.91 £ 10.97 70.84 = 2.77
15N, mg in excess  0.43%0.02 1.16 £0.11 0.35+ 0,14
fecal
total N, mg 3225+ 330 21.46£219 6.75%1.87
15N, mg
12 h (exogenous) 0.04 £0.01 0.04 £ 0.02 trace
steady state 0.13£0.01 0.17%0.02 0.02 + 0.01
(exogenous +
endogenous)
digestibility, %
total N 65.4 £ 4.0 795x2.4 94.0 = 3.6
16N 7062 2.8 82.2x 0.9 97.7x 1.6

2 %N digestibility = [(dietary N ~fecal N)/dietary N] x 100.
Intake and output values are means = SD (n = 4) over a 12-day period.
b % 16N digestibility = [(dietary 18N - fecal 1*N) /dietary 15N] X 100.
Intake and output valuesare means £ SD (n = 4) for days 3-6 (steady
state).

elimination, but there was a slightly higher excretion of
358, inrelation to 38 ingested, than for 15N. Consequently,
a tendency to lose more sulfur than nitrogen existed.

In combining the data representing separate determi-
nations of total N and 8N, calculated digestibility values
are listed in Table III, together with 15N excretion for 12
h after initiation of feeding the labeled diets. Apparent
digestibility values calculated on the basis of total N over
the entire experimental period were similar to previous
data. We reported that the whole bean had the lowest
protein digestibility (63%) followed by isolated bean
proteins, such as glutelins (73%), albumins (79%), and
globulins (89%) (Lanfer Marquez and Lajolo, 1990).

The 15N present in the feces during the equilibrium
(day 3 to day 6) was the sum of exogenous !N (ingested
but not absorbed) plus the endogenous 15N secreted in the
intestinal lumen due to digestive enzymes, exfoliation,
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Table IV. Total Sulfur and 35S Digestibilities of Whole
Bean and Isolated Protein Fractions
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Table V. Isotopic Dilution of !N and ¥8 in the
Gastrointestinal Tract*

protein source diets
measure whole bean  albumins globulins measure whole bean  albumins globulins
intake 15N in diets, % of 1N 0.493 1.076 0.498
total S, mg 9.03+048 9.1820.84 NDs atoms in excess
38, dpm x 1078 262011 484x043 0.7720.20 15N in feces (12 h), % 0.125 0.185 0.028
of 16N atoms in excess
fecal
total S 245+£048 210£0.51 ND¢ dilution factor of 8N® 39 5.8 17.8
88, dpm X 107
12 h (exogenous) 0.27£0.15 0.18+0.14 0.004 3G in di X c
steady state  0.87£0.14 0898011 0.045 % 0.02 00 B 29.34 5212 ND
(G?Eemus N %S in feces (12 h), dpm 11.64 9.00 ND
endogenous) X 105/100 g of S
digestibility, % dilution factor of %S 2.5 5.8 ND¢
total S? 7320 5.50 7670+ 4.90 NDs

#ge 67.50+6.80 81.20+1.20 93.20 £ 1.00

¢ Total S amounts were too small for evaluation.® %S
digestibility = ((dietary S - fecal S)/dietary S] X 100. Intake and
output values are means % SD (n = 4) over a 12-day period. ¢ %3S
digestibility = [(dietary 38 - fecal 338)/dietary %S] X 100. Intake
and output values are means £ SD (n = 4) for days 3-6 (steady state)
with exception of globulin diet, calculated from a pool of 4 rats.

bacteria, etc. Thus, 15N excreted during the equilibrium
permitted only calculation of protein apparent digest-
ibility.

Data representing total sulfur and 35S determinations
12 h after feeding and during the equilibrium are shown
in Table IV. Apparent digestibilities of total sulfur and
38 are calculated as for total N and 16N,

To obtain more information about the individual
contribution of exogenous undigested protein and endog-
enous protein formed in the intestine as a result of
metabolic processes to the total fecal excretion, 1°N was
evaluated 12 h after initiation of feeding the labeled diets.
During the first 12 h it can be assumed that 15N in the
feces originates greatly from undigested exogenous !5N-
labeled proteins, without interference of labeled endog-
enous proteins; most of the endogenous protein, within
the first 12 h, is synthesized in the prelabeling period (Zim-
mer et al., 1975; Zebrowska et al., 1976; Souffrant et al.,
1981).

Exogenous !®N in feces expressed as percentage of
ingested 15N was 9.1%, 3.2%, and 1%, respectively, for
whole beans, albumins, and globulins. It can be seen that
the ingestion of whole beans caused an excretion of ex-
ogenous N approximately 10 times higher than the
excretion observed for isolated albumins and globulins;
this may be due to a reduced digestibility of the whole
bean proteins or even to an increased intestinal passage,
rendering more difficult the amino acid absorption pro-
cesses. Bean globulins caused the smallest exogenous N
excretion (Table III).

It is important to stress that these values are only
approximations because at the time used (12 h) not all the
16N ingested had been eliminated in feces, and the values
obtained can be considered only comparatively between
the three protein sources; however, they help to show the
relative difference in exogenous excretion existing among
the different protein fractions and the effect of bean
components on them.

After the same time (12 h), exogenous 35S in feces
expressed as percentage of the ingested 3S was 9.9%,4.3%,
and 0.6%, respectively, for whole beans, albumins, and
globulins,

Comparing the results obtained for 15N and 35S we may
conclude they are not significantly different for each one

@ Mean values of two or three determinations. ® Dilution
factor = 15N or 358 in diets /15N or %8 in feces. ¢ ND, not determined.
438 dilution factor for globulins was not determined due to
insufficient amount of total S.

of the protein sources, indicating both N and S have a
similar level of digestibility.

Another way of looking at the exogenous excretion is
calculating the isotopic dilution of fecal 1N by endoge-
nous unlabeled N. The higher the isotopic dilution, the
higher is the elimination of endogenous N in feces. Table
V gives the isotopic dilution of fecal 5N by endogenous
unlabeled N 12 h after the first 15N ingestion. The feces
of rats fed the whole bean diet contained a !N concen-
tration diluted by only 3.9 times in relation to the 15N
concentration in the whole bean diet. Isotopic dilution
calculated for the albumin- and globulin-fed rats was 5.8
and 17.8 times, respectively. Feeding of globulins produces
low total fecal N elimination and high isotopic dilution,
indicating most fecal N after feeding globulins is endog-
enous, while for the whole bean diet a significant part of
the fecal N is represented by undigested exogenous
proteins. The albumins produced an intermediary ex-
ogenous/endogenous fecal N. Dilution of 35S in the feces
after 12 h was 2.5 and 5.8 times for the whole bean and
albumin diets, respectively, and compares well with 15N
dilution factors. The globulin diet was not determined
because the amount of total sulfur was too small for a
precise evaluation (Table V).

Endogenous !N and 35S. After day 6 of the experi-
ment, the rats were again fed unlabeled diets. Feces 15N
decreased sharply during the first 3 days (because the
labeled 15N diets ceased) and then more slowly. In the
first 3-day decay period, most of label originated from
undigested exogenous proteins eaten before day 6 plus
the loss of undigested labeled metabolic proteins. At this
time it is impossible to appreciate the extent of metabolic
N loss.

In the slow decay phase (days 9-12) the 15N and 368
values in feces represented mostly the label originated
from endogenous body proteins (Figure 3). When the
IBN curves (slow phase) were extrapolated to zero time
(day 6), the amount of 15N excreted, approximately 0.028
and 0.033 mg of 5N for whole bean and albumins,
respectively, represented 22% and 19% of 1°N eliminated
in the steady state and was considered endogenous. The
N elimination from rats fed globulins was very low and
corresponded predominantly to endogenous sources, dem-
onstrated by the 15N excretion curve (Figure 3) which does
not exhibit the two-phase response as observed for the
whole beans and albumins.

Excretion of endogenous sulfur following feeding when
labeled 35S diets ceased is similar (Figure 4). Endogenous
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Figure 3. 18N fecal excretion during the decay period when the
rats ingested unlabeled diets.

1.0
O Whole bean

m Albumin
a Globulin

b
P
‘e
A
E
a
o
»
I a
(=
001
A E——
7 8 8 101 12
Oays

Figure 4. S fecal excretion during the decay period when the
rats ingested unlabeled diets.

eliminations of 3S were 0.155, 0.250, and 0.050 dpm X
107% 38, respectively, for whole beans, albumins, and
globulins, representing 18%, 27 %, and 96 %, respectively,
of the 38 eliminated in the steady state.

The results indicate that consumption of whole beans
and, to a lesser extent, isolated bean albumins led to an
increase in exogenous and endogenous N excretion.
Contrarily, cooked bean globulins are well digested, having
no effect on metabolic nitrogen loss.

The reasons for the enhanced N loss by whole beans are
not clear, but interactions of bean protein with such non-
protein bean components as fiber, carbohydrates, and/or
tannins during cooking are probable. Also, beanalbumins
are not pure proteins but a fraction containing more than
30% carbohydrate (Lanfer Marquez and Lajolo, 1990),
and further studies are necessary to elucidate the effects
of heating conditions on interactions of bean proteins with
nonprotein bean components.

ACKNOWLEDGMENT

Research was partially supported by FINEP (Finan-
ciadora de Projetos e Pesquisas), Brazil, and Volkswagen,
Stiftung, FRG. Special thanks to Dr. R. L. Victoria, Dr.
P. C. O. Trivelin, and Dr. F. J. Krug from CENA (Centro
de Energia Nuclear na Agricultura). The 15N and total S
measurements were conducted at CENA, and their support
is greatly appreciated. We are thankful to C. A. Donomai
for technical assistance and to Dr. B. G. Swanson for helpful
discussions.

Lanfer Marquez and Lajolo

LITERATURE CITED

American Institute of Nutrition. Report of the AIN Ad Hoc
Committee on standards for nutritional studies. J. Nutr.1977,
107, 1340-1348.

AOQOAC. Official Methods of Analysis, 12th ed.; Association of
Official Analytical Chemists: Washington, DC, 1975.

Artz, W.E,; Bishop, P. D.; Dunker, A. K.; Schanus, G.; Swanson,
B. G. Interaction of synthetic proanthocyanidin dimer and
trimer with bovine serum albumin and purified bean globulin
fraction G-1. J. Agric. Food Chem. 1987, 35, 417-421,

Aw, T.-L.,; Swanson, B. G. Influence of tannin on Phaseolus vul-
garis protein digestibility. J. Food Sci. 1985, 50, 67-71.

Bender, A. E.; Mohammadiha, H. Low digestibility of legume
nitrogen. Proc. Nutr. Soc. 1981, 40, 66A.

Bray, G. A. A simple efficient liquid scintillator for counting
aqueous solutions in a liquid scintillation counter. Anal. Bio-
chem. 1960, 1, 279-285.

Bressani, R.; Elias, L. G. Relationship between digestibility and
protein value of common beans (Phaseolus vulgaris). Arch.
Latinoam. Nutr. 1984, 34, 189-197.

Bressani, R.; Elias, L. G.; Braham, E. Reduction of digestibility
of legume proteins by tannins. J. Plant Foods 1982, 4, 43-55.

Chang, K. C.; Satterlee, L. O. Isolation and characterization of
the major protein from Great Northern Beans (Phaseolus vul-
garis), J. Food Sci. 1981, 46, 1368-1373.

Deshpande, S. S.; Sathe, S. K.; Salunkhe, D. K.; Cornforth, D.
P. Effects of dehulling on phytic acid, polyphenols and enzyme
inhibitors of dry beans (Phaseolus vulgaris, L.). J. Food Sci.
1982, 47, 1846-1850.

Durigan, J. F.; Sgarbieri, V. C.; Bulisani, E. A. Protein value of
dry bean cultivars: factors interfering with biological utili-
zation. J. Agric. Food Chem. 1987, 35, 694-698.

Evans, R. J.; Bauer, D. H. Studies of the poor utilization by the
rate of methionine and cystine in heated dry bean seed (Phase-
olus vulgaris). J. Agric. Food Chem. 1978, 26, 779-784.

Fairweather-Tait, S. J.; Gee, J. M.; Johnson, I. T. The influence
of cooked kidney beans (Phaseolus vulgaris) on intestinal cell
turnover and fecal nitrogen excretion in the rat. Br.J. Nutr.
1983, 49, 303-312.

Hernandez-Infante, M.; Herrador-Pena, G.; Sotelo-Lopes, A.
Nutritive value of different beans (Phaseolus vulgaris) sup-
plemented with methionine. J. Agric. Food Chem. 1979, 27,
965-968.

Krug, F. J.; Zagatto, E. A. G.; Reis, B. F.; Bahia Filho, O.; Ja-
cintho, A. O.; Joergensen, S. S. Turbidimetric determination
of sulphate in plant digests and natural waters by flow injection
analysis with alternating streams. Anal. Chim. Acta 1983,
145, 179-187.

Lanfer Marquez, U. M.,; Lajolo, F. M. Composition and digest-
ibility of albumin, globulin and glutelins from Phaseolus vul-
garis. J. Agric. Food Chem. 1981, 29, 1068-1074.

Lanfer Marquez, U. M.; Lajolo, F. M. Nutritional value of cooked
beans (Phaseolus vulgaris,L.) and their isolated major protein
fractions. J. Sci. Food Agric. 1990, 53, 235-242.

Navarrete, D. A.; Bressani, R. Protein digestibility and protein
quality of common beans (Phaseolus vulgaris) fed alone and
with maize, in adult humans using ashort term nitrogen balance
assay. Am. J. Clin. Nutr. 1981, 34, 1893-1898.

Proksch, G. Routine analysis of nitrogen-15 in plant material by
mass-spectrometry. Plant Soil 1969, 31, 380-384.

Sandaradura, S. S.; Bender, A. E. The effect of cooked legumes
on mucosal cell turnover in therat. Proc. Nutr. Soc. 1984, 43,
89A.

Semino, G. A.; Restani, P.; Cerletti, P. Effect of bound carbo-
hydrate on the action of trypsin on lupin seed glycoproteins.
J. Agric. Food Chem. 1985, 33, 196-199.

Sgarbieri, V. C.; Whitaker, J. Physical, chemical and nutritional
properties of common bean (Phaseolus vulgaris) proteins. Adv.
Food Res. 1982, 28, 93-166.

Singh, U. The inhibition of digestive enzymes by polyphenols of
chick pea (Cicer arietinum, L.) and pigeon pea (Cajanus ca-
jan (L.) Millsp.). Nutr. Rep. Int. 1984, 29, 745-753.



Digestibliity of Bean Proteins

Souffrant, W. B.; Koehler, R.; Gebhardt, G. Investigations of the
absorption of protein-linked N and synthetic methionine in
the small intestines of pigs. Arch. Tierernaehr. 1981, 31,
609-617.

Thompson, L. U.; Gabon, J. E. Effect of lectins on salivary and
pancreatic anylase activities and the rate of starch digestion.
J. Food Sci. 1987, 52, 1050-1053, 1058.

Thompson, L. U.; Yoon, J. H.; Jenkins, D. J. A.; Wolever, T. M.
S.;Jenkins, A. L. Relationship between polyphenol intake and
blood glucose response of normal and diabetic individuals.
Am. J. Clin. Nutr. 1984, 39, T45-751.

J. Agric. Food Chem., Vol. 39, No. 7, 1991 1215

Zebrowska, T.; Simon, O.; Muenchmeyer, R.; Bergner, H. Studies
on the amino acid absorption and the secretion of endogenic
amino acids into the gastro-intestinal tract of pigs. Arch. Tier-
ernaehr. 1976, 26, 69-82.

Zimmer, M.; Bergner, N.; Simon, O. Absorption and incorpora-
tion of labelled amino acids in rats fed various protein sources
1. Absorption of 14C-leucine and 3H-glycine in rats after
intragastric administration. Arch. Tierernaehr. 1975, 25,
311-326.

Received for review May 30, 1990. Revised manuscript received
January 21, 1991. Accepted February 11, 1991.



