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Quantitative intestinal digestion of nitrogen in sheep given
formaldehyde-treated and untreated casein supplements
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1. In two experiments, sheep prepared with a rumen cannula and with re-entrant cannulas
in the duodenum and ileum were continuously fed on diets of dried grass, dried grass plus
formalin-treated casein, or dried grass plus untreated casein. Paper impregnated with chromic
oxide was given once daily via the rumen fistula.

2. In ten 24 h collections of digesta entering the duodenum and eleven 24 h collections of
digesta reaching the ileum of sheep given dried grass, there were highly significant correlations
between the 24 h flows of Cr marker and the corresponding flows of dry matter, organic matter,
nitrogen, gross energy, hemicellulose and cellulose (P < o-o1) at both sites.

3. Daily amounts of non-ammonia N and of individual amino acids entering and leaving
the small intestine and of total N excreted in faeces and urine are given.

4. Net retention of supplementary N was 36 % when the supplement was administered as
formalin-treated casein, but only 17 % when it was administered as untreated casein.

5. Formalin treatment of casein significantly increased the daily amounts of non-ammonia
N entering the small intestine (P < 0-01) and the amounts of non-ammonia N apparently
absorbed therein (P < o-o3).

6. Apparent absorption of amino acids from the small intestine was significantly greater
(P < o-05) with treated casein than with untreated casein. There were relative increases in the
small amounts of several free amino acids measured, including taurine, in the ileal digesta of
sheep receiving the treated casein supplement.

Nitrogen digestion and metabolism in the ruminant is at its most efficient when
low-N diets are being consumed. Microbial degradation of ingested protein, within
the rumen, can cause serious wastage of N when ruminants are given high-protein
diets. Postruminal administration of protein and amino acids gives better utilization
of the N than when the same N source is offered in the diet (Chalmers, Cuthbertson &
Synge, 1954; Reis & Schinckel, 1961, 1963, 1964; Reis, 1969).

A method which has been developed to overcome rumen degradation of dietary
protein supplements is to treat them with formaldehyde. The formaldehyde forms
acid-reversible cross-linkages with amino and amide groups, rendering the protein
insoluble at the pH of the rumen (5'5-6-5). However, this protein is subsequently
made available to the host by destruction of the linkages in the abomasum (pH 2-3)
and digestion in the small intestine (Ferguson, Hemsley & Reis, 1967). Using this
protein, Ferguson et al. (1967) obtained substantial increases in wool growth when it
was given as a supplement to roughage-fed sheep. Such treated casein was recently
reported to have a nutritional value similar to casein administered per abomasum
(Reis & Tunks, 1969); both produced an iricreased rate of wool growth of 629, over
the basal level.

No quantitative studies have been reported on the site(s) of digestion of the supple-
ment within the digestive tract. The present investigation was therefore designed to
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measure the disappearances of N and amino acids from the different regions of the
alimentary tract of sheep given dietary supplements of treated casein. A preliminary
report of this work has been given (MacRae, 1970).

In this study mean 24 h flows of digesta at the proximal duodenum and terminal
tleum were estimated using chromic oxide (Cr,O;) as a marker for correcting observed
flows to average 24 h values (MacRae & Armstrong, 1969a). In the first part of the
study opportunity was taken to evaluate the reproducibility of estimates derived by
this technique.

EXPERIMENTAL

Sheep. Romney Marsh sheep, castrated males 1—2 years old, weighing 4045 kg,
were used. Each sheep was prepared with a rumen cannula and with re-entrant can-
nulas in the proximal duodenum and in the terminal ileum (Brown, Armstrong &
MacRae, 1968). They were housed in metabolism crates under continuous artificial

Table 1. Plan of the experiment

(Except where indicated, each sheep was equipped with a rumen cannula and with re-entrant
cannulas in the proximal duodenum and terminal ileum; values in parentheses are the numbers
of separate 24 h collections made from each sheep, if greater than 1)

Samples obtained
A

o R
24h
Ration consumed (g/24 h) duodenal 24 hileal 77 d faecal 47 d urine
Sheep nos.
Expt 1
goo g dried grass 283 (3) 283 (2) 283 380%
294 (2) 294 (2) 294 463*
295 (3) 295 (3) 295 471*
304 304 (2) 304 491%
324 324 324
459
Expt 2

900 g dried grass plus 6o g treated 166 166 (2) 161* 161%
casein (N = 146 %) 324 (2) 324 166 163*

371 (2) 371 371 166

423 (2) 423 (2) 371
471*
goo g dried grass plus 60 g untreated 304 304 181% 18r*

casein (N = 15:2%) 324 371 (3) 423 423
371 (2) 423 441% 380%
423 (2) 441%
491*

* Intact sheep used to provide extra balance values.

light and temperature (15-18°), had free access to water at all times, and received
their rations from continuous-belt feeders, of the type previously described by
Sutherland, Gupta, Reid & Murray (1964) and Ulyatt (1967).

Experimental design. Two experiments were conducted. In Expt 1 the sheep were
given a basal diet of goo g chopped dried grass (777 g dry matter (DM)). Ona DM
basis, this grass contained N 2-69,, hot-water soluble carbohydrate (100° for 5 min)
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2239, cellulose 20-6%,, hemicellulose 12:39%, ash 8-19%,, gross energy 4-35 kcal/g,
and the apparent digestibility of its DM was 744 %,. In Expt 2 certain of these sheep
plus replacement animals were given the same basal diet supplemented with either
acid-precipitated milk casein, or the same casein after treatment with formalin (both
supplements were supplied by the New Zealand Dairy Research Institute, Palmerston
North). Details are given in Table 1. In Expt 2 the sheep were divided into two groups.
In the first part of the experiment one group received treated casein and the other
group received untreated casein; in the second part the diets were reversed. Additional
balance results were obtained using intact sheep.

Marker, Shredded paper impregnated with chromic oxide (CryO;) (Corbett, Green-
halgh, McDonald & Florence, 1960) was administered to all sheep. One pellet con-
taining 6 g of Cr,O5-paper was placed in the rumen via the fistula at 0g.00 hours daily,
for a minimum period of 21 d before the start of each experiment.

Collection of samples. All food samples were obtained during the preparation of the
rations,

During the preliminary 20 d study of faecal excretion of Cr marker, facces were
weighed daily, DM was determined and daily samples from each sheep were stored
separately at —20° for subsequent analysis.

During Expts 1 and 2 collections of faeces and urine were made for 7 d periods
before the 24 h intestinal collections. Urine was collected daily in 50 ml of 309,
H,S0,. Samples from total daily urine and faeces collections were kept at —20° before
7 d cumulative samples for each sheep were prepared by bulking in proportion to the
weight excreted. The urine samples were stored at —20° for subsequent analysis
whilst the faecal samples were freeze-dried and ground to pass the 1 mm sieve of a
Casella mill.

The procedures used for continuous 24 h collections of digesta from the duodenum
and ileum were similar to those used by MacRae & Armstrong (19694). During
duodenal collections the cannulas were disconnected and digesta leaving the proximal
cannula were collected for consecutive 2 h periods. At the end of each 2 h period the
digesta were weighed and homogenized and a sample (100-150 g) was stored at —20°
for subsequent analysis. Smaller duplicate samples (1020 g) were also taken from
each 2 h collection for DM determination. 'The remaining digesta were then made up
to their original weight with duodenal contents collected from a ‘donor’ animal given
the same ration (Harris & Phillipson, 1962) and, after warming to 40°, were slowly
re-introduced into the small intestine via the distal cannula over the following 2 h
period while the next 2 h samples were being collected. A similar procedure was
adopted for the 24 h collections at the terminal ileum except that, owing to reduced
flow at this point, samples were collected during periods of 3 h or longer. After the
individual z h and 3 h samples had been freeze-dried and ground to pass the 1 mm
sieve of a Casella mill, cumulative samples of ducdenal and ileal contents, representative
of the 24 h flow, were prepared by bulking in proportion to the dry weight excreted.

Analyses. Moisture in all freeze-dried samples used for analysis was determined by
drying at 105° for 24 h. Organic matter (OM) was determined by ashing samples at
550° for 3 h, gross energy with an adiabatic bomb calorimeter and hemicellulose and
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cellulose by the method of Bailey (1964). Cr was determined by the atomic absorption
method of Williams, David & Ilismaa (1962). Total N was determined in the freeze-
dried samples and urine samples by a micro-Kjeldahl method. Levels of non-ammonia
N in duodenal and ileal digesta were determined as the difference between amounts of
total N and ammonia N in the freeze-dried samples. Ammonia N in the dried samples
was extracted with boiling 809, ethanol and taken up in water before being measured
by the method of Conway (1957).

The amino acid compositions of a representative selection of the freeze-dried
samples were determined, after hydrolysis with excess 6 M-HCI at 110° for 24 h in
sealed tubes, using a Beckman Spinco 120C automatic amino acid analyser. Free
amino acids were extracted with a mixture of chloroform—methanol-H,0 and passed
through an ultra filtration unit before being measured on the amino acid analyser
(Peterson, Hendtlass, MacRae & Pearce, 1971).

RESULTS
Evaluation of the 24 h continuous sampling technique

Faecal vecovery of Cr marker. The amounts of Cr excreted daily in the faeces of
seven sheep were recorded during a preliminary 20 d experiment, to obtain estimates
of the recovery of marker and the variability of daily excretion. The values are given
in Table 2. The mean faecal recoveries over the 20 d period were similar for all sheep
and none differed significantly from the amount of Cr administered (1183 mg/24 h).
However, the variation between days for each sheep was considerable, the average
coefficient of variation being 17-59%, per animal. In all subsequent work reported in
this paper the average daily faecal excretion (1163 mg) has been taken as the quantity
of Cr flowing through the digestive tract daily.

Table 2. Mean daily faccal recoveries of chromium in sheep given 1183 mg/d of Cr as
Cr,0,- impregnated paper via the rumen fistula over a 20 d experimental period

Cr recovery

Sheep no. {mg/24 h) sE of a mean

283 1159
291 1178
204 1156
293 1190 45
300 1125
304 1177
324 1160

Mean 1163 17

The use of Cr to correct observed 24 h flow values to mean 24 h values. If observed
flows of Cr through the duodenal and ileal cannulas can be used to reflect flows of
digesta constituents at these points, then regression analyses of the observed flows of
Cr against the corresponding observed flows of constituent taken over a number of
24 h collections on a standard diet should be linear, with correlation coefficients
approaching unity. In Expt 1, ten separate 24 h duodenal collections were made from
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five sheep and eleven separate 24 h ileal collections were made from six sheep (see
Table 1). Regression equations and correlation coefficients calculated for the relation-
ship of duodenal and ileal flows of Cr against corresponding flows of DM, OM, N,
gross energy, hemicellulose and cellulose are given in Table 3. For all constituents the
correlation coefficients wete highly significant (P < o-or), which suggests that it is
valid to correct all flows of constituents on the basis of Cr recovery when using the
present continuous 24 h collection technique.

Table 3. Relationships of the observed 24 h flows of dry matter, organic matter, nitrogen,
cellulose, hemicellulose and gross energy to the corvesponding observed flows of chromium
(mg|24 k) at the duodenum (ten separate collections from five sheep) and ileum (eleven
separate collections from six sheep) of sheep given goo g dried grass

Correlation
Regression equation coefficient
Duodenum
Dry matter (g/24 h) = 56 +(0'38+0043)Cr o-gg¥¥
Organic matter (g/24 h) = 19 +(0°30+0°032) Cr orgh¥**
Nitrogen (g/24 h) = o01+(0019+00035) Cr o-8g**
Cellulose (g/24 h) = —32-2 +(0'028 Lo0027) Cr o-g7¥**
Hemicellulose (g/24 h) = —76 +(0'033 +00048) Cr 0-g3**
Gross energy (kecaljz4 h)= —36-5 +(1-6410'167) Cr 0'gh¥**
Tleum

Dry matter (g/24 h) = 93 +(o25+0032)Cr arg3¥#
Organic matter (g/24 h) = 31 +(o'z0to0'024) Cr 0rg4*¥
Nitrogen (g/24 h) = 12 +(00052+00010) Cr o8y
Cellulose (gf24 h) =-—1'3 +(0-028 t0'0034) Cr org3**
Hemicellulose (g/24 h) = o'50+(0'023+0-0022) Cr o-g7¥¥
Gross energy (kcal/24 h) = 487 +(1-00+0°142) Cr o-g2%*¥

#* P < o-o0r.

Digestion of total N

The quantities of N in the food, entering and leaving the small intestine, and in
the faeces and urine of sheep given the three diets of dried grass, dried grass plus
treated casein and dried grass plus untreated casein are given in Table 4.

Absorption of ammonia within the small intestine is not considered nutritionally
important relative to absorption of other nitrogenous constituents, Duodenal samples
contained varying amounts of ammonia N, the greatest amounts being present in
digesta from sheep given untreated casein supplements. For this reason quantities
of non-ammonia N present in duodenal and ileal samples were measured and are also
given in Table 4. It will be noted that there was negligible ammonia N in the freeze-
dried ileal samples.

Daily amounts of non-ammonia N reaching the duodenum of the sheep receiving
the dried grass (214 g) and the treated casein (30-1 g) diets were similar to amounts
of N consumed (20-6 g and 29-4 g respectively). However, the amount of non-ammonia
N reaching the duodenum of sheep receiving untreated casein (26-3 g) was less than
the N consumed (29-7 g). Calculation on a within-animal basis showed that apparent
absorption of non-ammonia N from the small intestine, measured as the difference
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between duodenal and ileal non-ammonia N levels, was significantly greater (P < 0-05)
for sheep receiving the treated casein diet (19-8 £ 1-2 g/24 h) than for those receiving
the untreated casein diet (16-6 £ 0-2 g/24 h), even though the latter contained a higher
amount of N. Both these apparent absorptions were significantly greater (P < o-or)
than found in sheep receiving the dried-grass diet (13-0+ 04 g/24 h).

Table 4. Mean quantities with their standard ervors (g{24 k) of nitrogen present in the
food, entering and leaving the small intestine, and in faeces and uvine of sheep given dried
grass, or dried grass plus treated or untreated casein
(Values for digesta at the duodenum and ileum have been adjusted for 1009, recovery of
chromic oxide; for sheep used see Table 1)

9oo g dried grass goo g dried grass
plus 6o g treated  plus 6o g untreated

goo g dried grass casein casein
N in food 206 294 297
N at ducdenum 23'1+06 320408 29°41+0°5
Non-ammonia N at duodenum 21'4+06 30'1+0'8 26'3--0'g
N at ileum 78 +to4 108 to5 100 t+o04
Non-ammonia N at ileum 77 Lo4 106 +o5 9'9+o04
N in faeces 63 +04 73401 6:9--03
N in urine 8-64-06 13°3+08 15°5+0°8
Digested N* 143 (694 9%) 221 (752 %) 22-8 (76-8 %)
Retained N* 57 (277 %) 8:8 (29'9 %) 73 {24°6 %)

* Values in parentheses represent % of N intake,

Table 5. Mean values with their standard errors for non-ammonia nitrogen enlering the
small intestine and for N excreted in the urine of sheep given dried grass or dried grass plus
untreated casein once daily or by continuous feeder

(Values for digesta at the duodenum bave been adjusted for 100 %, recovery of chromic oxide)

goo g dried grass plus 6o g

goo g dried grass untreated casein
AL AL
e Al 7 A
Feeding once Centinuous Feeding once Continuous
daily feeding daily feeding

Non-ammonia N at duodenum  22-1 +0-4 (6) 21°4+0'6 (10) 269409 (6) 263 +0'5 (6)
(g/24 W)*
N in urine (gfz4 h)* 9708 (3) 86+to6(4)  135:k12(3)  154£08(5)

* Values in parentheses are the numbers of separate 24 h duodenal and 7 d urine determinations.

Apparent absorption of N beyond the ileum, measured as the difference between
the ilcal N levels and the faccal N levels measured in the balance sheep, were con-
siderably greater in sheep given treated casein (35 g/24 h) and untreated casein
(3°1 g/24 h) diets than in those given the dried-grass diet (1-5 g/24 h).

Daily amounts of N in the urine of sheep given treated casein and given untreated
casein were significantly higher (P < oo1 and P < o-oo1 respectively) than in sheep
given the dried-grass diet. As a rcsult, net retention of N with the untreated and
treated casein diets increased by 1-6 and 3-1 g/24 h respectively over that retained
with the dried grass, though apparent absorption of N (food N minus faecal N)
increased by 8-5 and 7-8 g/24 h respectively.
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The values presented in T'able 4 were obtained for sheep that received their rations
from continuous-belt feeders. To determine whether these results would be different
under different feeding regimens, values for duodenal non-ammonia N and urinary N
were obtained for animals given diets of dried grass and of dried grass plus untreated
casein once daily at 09.00 hours. From the results, given in Table 3, it can be seen
that there were no significant differences in the quantities of non-ammonia N reaching
the duodenum or in N excreted in the urine under the two extremes of feeding
procedure. The time taken for sheep to consume their rations once daily varicd
considerably, but all sheep consumed the diet within 6 h of being fed.

Digestion of amino N

Total amino acids. The quantities of individual amino acids present in the food,
entering and leaving the small intestine and in the faeces of sheep given the three
diets are shown in Table 6. With dried grass and treated casein the amounts of iso-
leucine, lysine, methionine, threonine, valine, aspartic acid and tyrosine reaching the
duodenum were almost as high as those consumed in the food. However, there was a
net loss of all amino acids passing through the stomach in sheep given untreated casein.

There was considerable apparent absorption of all amino acids from the small
intestine with each diet. Calculated on a within-sheep basis, apparent daily absorption
of total amino acids from this region for the trcated-casein diet (112-7+ 52 g) was
significantly greater (P < o-05) than that in sheep given the untreated-casein diet
(94'6 + 5-1 g), which in turn, was significantly greater (P < o-o1) than that in sheep
given dried grass (749 + 23 g).

Disappearances of amino acids from the large intestine were small with dried grass,
but larger with untreated casein and largest with treated casein.

Analytical recoveries of the sixteen amino acids measured, as percentages of the
protein (non-ammonia N x 6-25), in the food, duodenal, ileal and faecal samples are
also given in Table 6. With dried grass, 9o %, of the protein was accounted for as amino
acids. With the casein supplements, 95%, was so accounted for, hence the 929,
recovery recorded in the dried-grass plus casein diets. This recovery dropped to 8o-
839, for duodenal samples and further to 67—729, for ileal and faecal samples.
Recoveries obtained in the diet and the duodenal samples compare well with the
average analytical recoveries of 8142 and 96+ 2 reported by Porter, Westgarth &
Williams (1968) when nine laboratories analysed standard samples of cod liver and
gelatin respectively.

Free amino acids. Amounts of free amino acids in all samples were very small and
individual amino acids are not presented. However, there were increases in the amounts
of several free amino acids leaving the small intestine when treated casein was given,
which may suggest incomplete absorption of certain amino acids released from treated
casein, For example, amounts of proline, alanine, valine, leucine and tyrosine in ileal
samples increased from 8, 22, 20, 15 and 8 mg/24 h respectively with the dried grass
to 160, 114, 152, 153 and 67 mg/24 h respectively with treated casein.

There were also increases in the quantities of taurine leaving the small intestine
with treated and untreated casein. Taurine does not occur in protein but, as a mam-

4 NUT 27
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malian oxidation product of cystine, it is present in bile. Its increase in ileal digesta
with treated casein (tenfold) and untreated casein (twofold) would suggest either
increases in oxidative breakdown of cystine in the liver of sheep given the two supple-
ments, or decreases in resorption of the taurine excreted in bile with the supplemented
diets.

DISCUSSION
Evaluation of the ‘ve-entrant collection’ technique

Most studies using continuous intestinal sampling techniques with animals having
re-entrant cannulas have used Cr,O, as an indigestible marker to correct flows of
digesta constituents to an average 24 h basis. However, 24 h collections of digesta
from the duodenum or the ileum are frequently associated with low recoveries of Cr
marker. In Expt 1 of the present study duodenal recoveries of Cr over the ten duodenal
24 h collections ranged from 56 to 1019, (average 829%,) of the daily faecal output
of marker, and ileal recoveries over the eleven 24 h collections ranged from 31 to
1049, (average 769%,). Similar results were obtained by Harris & Phillipson (1962).
Bruce, Goodall, Kay, Phillipson & Vowles (1966), Topps, Kay & Goodall (1968),
MacRae & Armstrong (1969a) and Nicholson & Sutton (1969). During 72 h ileal
collections, Goodall & Kay (1965) observed a reduced flow over the first 24 h which
was compensated for during the subsequent 48 h. Similarly van’t Klooster, Rogers &
Sharma (1969) observed that recoveries of CryOy during the first 24 h of a collection
from the distal duodenum of two sheep were 91 and 9o %, while the mean recoveries
over a 3 d period were 99 and 98 9, respectively.

Because of this considerable variation in digesta flow and the tendency for the flow
to be suppressed during collections it is necessary to correct observed 24 h flows to
average 24 h values. However, the use of an indigestible marker such as Cr,O4 in such
a correction necessitates the basic assumption that during a collection period the flow
of marker reflects the flow of other digesta constituents. In previous studies of this
nature the number of 24 h samples collected from animals on any one diet has usually
been small, often as low as two, and the results available have been insufficient to test
the assumption. However, the correlation and regression values presented in Table 3,
which are based on the ten separate 24 h duodenal and eleven separate 24 h ileal
collections of Expt 1, indicate that the assumption is in fact valid. The correlations
show that the flow of Cr did reflect the flows of DM, OM, N, gross energy, hemi-
cellulose and cellulose (P < o-o1).

An additional check on the technique can be made by comparing the average 24 h
flows of constituents of the duodenal and ileal digesta which are not digested in the
small intestine. In the present study the corrected 24 h flows of hemicellulose and
cellulose into the small intestine were 28-4+ 1-2 g and 29-7 + 06 g respectively. The
amounts of the same constituents leaving the small intestine were 27-8 +1-1 g and
30°1+ 16 g respectively. Similar agreement between cellulose entering and leaving
the small intestine was obtained by Bruce et al. (1966), Topps et al. (1968), MacRae
& Armstrong (19695) and Thomson, Beever, Coehlo da Silva & Armstrong (1969).
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Digestion of nitrogenous constituents

Quantities of non-ammonia N reaching the duodenum, relative to dietary N levels,
were high in our experiments (Table 4) compared with reports on other high-N diets.
Thus when Clarke, Ellinger & Phillipson (1966) gave a diet of hay plus soya bean
(25 g N/24 h) only 709, reached the duodenum as non-ammonia N. Similarly, when
Hogan & Weston (1967) gave chopped and ground lucerne (30 g N/24 h) only 77 and
79 Y, respectively reached the duodenum as non-ammonia N. It was suggested earlier
(MacRae, 1970) that high values for non-ammonia N in the present study may have
been caused by the continuous feeding system. Constant feeders spread the intake
of the ration throughout the 24 h period and this might lead to a greater production of
microbial protein from rumen ammonia. However, the results given in Table 3
invalidate this hypothesis, and it is now suggested that the explanation for the high
duodenal flows of non-ammonia N is probably the very high content of soluble carbo-
hydrate in the dried grass used in this work (hot-water soluble carbohydrate, 22-39,).
This soluble carbohydrate provides a readily available source of energy for the synthesis
of rumen microbial protein. The quantity of soluble carbohydrate consumed with the
dried grass used in Expt 1 (173 g/24 h) was more than double the quantity (74 g/24 h)
consumed in the lucerne diets given by Hogan & Weston (1967).

It has been claimed that the increases in live-weight gain and wool growth obtained
when formalin-treated casein is given to sheep are due mainly to the fact that formalin
protects the casein from degradation by rumen micro-organisms (Ferguson ef al. 1967;
Reis, 1969; Reis & Tunks, 1969). Although the present experiments were unable to
determine directly whether formalin treatment afforded complete protection from in
vivo rumen fermentation, the values given in Table 4 show that treatment did in fact
significantly increase the daily amount of non-ammonia N entering the small intestine
(P < oror)and the amount of non-ammonia N apparently absorbed therein (£ < o-05)
over the corresponding observations with untreated casein.

Indeed it can be seen, from comparison of the duodenal flow values for the treated-
casein diet with those for the dried-grass diet, that the extra non-ammonia N passing
to the duodenum on the supplemented diet was very neatly the same amount as that
given with the casein supplement. In contrast, increases in flow of non-ammonia N
to the duodenum when untreated casein was given were equivalent to only some
50-559, of the extra amount supplied as the supplement. Similarly, when treated
casein was given, the flow of most amino acids to the duodenum was increased over
that observed with dried grass by an amount similar to that supplied in the supplement,
but for all amino acids other than histidine, alanine and glycine, the additional flow
of amino acids to the duodenum with untreated casein was much less than the extra
dietary amino acids supplied by the casein supplement.

In experiments where a basal diet is given first alone and then with various supple-
ments, the results would appear to lend themselves to many calculations concerning
the digestion of the supplements. Thus in previous experiments calculations of the
apparent availability of supplements of treated and untreated casein have been
obtained from values of the differences in faecal N between the basal diet and the
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same diet supplemented with casein. Such values, reported by Reis & Schinckel (1961),
Blaxter & Martin (1962), Ferguson ef al. (1967) and Reis & Tunks (1969) are in agree-
ment with those similarly calculated for the treated casein (89 %,) and untreated casein
(93 %) given in our experiments. It might also appear that, using the observations of
intestinal flow made in our experiments, the fate of the supplementary N during its
passage through the digestive tract could be followed. For example, from Table 2
it could be calculated that, of the N given as formalin-treated casein, 989, reached
the duodenum as non-ammonia N, 659%, was apparently absorbed from the small
intestine and 24 9, disappeared in the large intestine. However, there is no guarantee
that the pattern of digestion of dried grass would remain the same on addition of the
supplement, and therefore it would be unwise to place too much value on such
calculations.

In this study, differences between amounts of non-ammonia N and amino acids
entering and leaving the small intestine have been termed apparent absorption. True
absorption values cannot be given, because the measurements are merely balances
between absorption and secretion. It is likely that endogenous secretions into the
intestine are considerable. For example, Campbell, Cuthbertson, Mackie, McFarlane,
Phillipson & Sudsaneh (1961) used ¥I-labelled albumin to calculate that a maximum
of 8 g plasma albumin/24 h enters the small intestine in sheep. In man it has been
estimated that pancreatic secretions can provide 8 g protein/24 h and daily mucosal
desquamation can add 50 g protein into the gut (Munro, 1966). In sheep, Kay (196g)
measured secretions of 1-5 g N/z4 h into two loops of jejunum and one loop of ileum
(total length 18-5 m) and suggested that bile, pancreatic juices and duodenal secretions
could contribute another 2 g Njz4 h. On the other hand, there is likely to be con-
siderable metabolism of amino acids during active absorption processes (Texter, Chou,
Laureta & Vantrappen, 1968).

Even though true absorption values cannot be given, it would appear that increases
in apparent absorption of amino acids from the small intestine demonstrated in this
work could probably account for increases in wool growth and live-weight gain
observed in other experiments. However, it must be remembered that, of the extra
36 g of amino acids apparently absorbed from the small intestine when treated casein
was given (see Table 6), only 19 g of protein (N x 6:25) were retained by the sheep.
It may well be that variations in production responses observed when treated casein
is given are functions more of the utilization of the extra metabolites than of the
digestion of the supplement. Indeed it is probable that utilization of extra amino N
would be directly related to the nutritional status of the animal.

The authors wish to acknowledge the skilled assistance of Dr N. D. Grace and
Messrs S. Pickmere, D. Shelton, P. Vlieg and A. King and the DSIR Applied Bio-
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