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3. The growth rate of young rats, given the high-protein and the low-protein 

moieties of the diet on alternate days was less than that of pair-fed, litter-mate control 
animals consuming both moieties together. 

4. Intermittent protein feeding likewise impaired lactational capacity of the mothers 
and retarded recovery of the haemoglobin content of the blood after experimentally 
induced anaemia. 

5 .  Fertility was not noticeably affected by intermittent feeding of protein. 
6. The less satisfactory condition of the young of the mothers given protein inter- 

mittently remained clearly manifest after weaning, when young of both groups were 
raised on a normal stock diet. 
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The concentration of the inert feed-marker chromium sesquioxide (Cr,O,) in the 
faeces of cattle and sheep normally varies considerably during the course of 24 h, 
although it had been administered regularly for long periods mixed with the concen- 
trates fed to the animals as a part of their ration (Kane, Jacobson & Moore, 1952; 
Bloom, Jacobson, Allen, McGilliard & Homeyer, 1957) or in gelatin capsules (Hardi- 
son & Reid, 1953; Hardison, Engel, Linkous, Sweeney & Graf, 1956; Pigden & 
Brisson, 1956; Raymond & Minson, 1955). In  consequence estimates of food digesti- 
bility or of faeces output derived from the concentration of Cr,O, in a single defaeca- 
tion may be erroneous. 

Sperber, HydCn & Ekman (1953) suggested that a polyethyleneglycol (PEG) of high 
molecular weight (4000) could be used for tracing the flow of water and solutes from the 
reticulo-rumen into the omasum, and this technique has been used by Oyaert (1955). 
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Unlike Cr,O, and most other substances used as markers, PEG is readily soluble in 
water but Sperber et al. (1953) could not detect any absorption from the gut or any 
effects on rumen micro-organisms. HydCn (1956b) found that when single doses of 
PEG were administered directly by fistula into the rumen or abomasum of cattle ( IOO- 
200 g doses) and sheep (15-20 g doses) the mean recovery in faeces was 93 yo (range 
82~9-100.60/~). He suggested that the apparent losses of PEG were due to some 
destruction of the material during its passage through the digestive tract. Corbett, 
Miller, Clarke & Florence (1956, and unpublished observations) gave grass-meal cubes 
containing 12.2% PEG and 7.2% Cr,O, to four grazing dairy cows at the rate of 
200 g/cow/day. All faeces produced in a total of eighteen 5-day periods were collected 
in bags attached to harnesses worn by the animals. Recoveries of PEG were low and 
very variable, averaging 56.9% (range 35.5-92.9 yo), but the mean Cr,O, recovery was 
101.97~ with a range for individual cow-periods of 89.4-1 17.2% corresponding to that 
obtained in similar circumstances by Lancaster, Coup & Percival (1953). Results of 
experiments where varying amounts of PEG were mixed with faeces suggested that the 
low recoveries of PEG in the grazing experiment were due in part to difficulties in 
determining the low concentrations of PEG, 50-80 mg/Ioo g fresh faeces, and that 
satisfactory results might be obtained if larger amounts of marker were administered. 

The experiment now reported was designed to test the suitability of PEG as a 
marker in digestibility studies and to assess its merits relative to those of Cr,O,. 

EXPERIMENTAL 

Six lactating Ayrshire cows were confined in metabolism stalls for a period of 3 weeks 
and faeces and urine were collected separately with apparatus similar to that described 
by Balch, Bartlett & Johnson (195 I). Their ration consisted of baled artificially dried 
grass only, fed at 07.30 and 17.00 h in standard amounts which approximately met the 
conventional starch-equivalent requirements of each animal (Woodman, 1954). Three 
of the cows were given an artificially dried grass (S) prepared from herbage cut in June 
and the other three a dried grass (A) prepared from herbage cut from the same field in 
October of the same year. Dried grass S contained I 1-2 yo crude protein, 27.0 yo crude 
fibre and 5.6% ash, and dried grass A contained 16.1 yo crude protein, 24.1 yo crude 
fibre and 8.9% ash, all expressed on a dry-matter basis. 

Administration of markers 
A PEG (Oxirane Ltd, Manchester) with an average molecular weight of 3000-4000 

was used; it was similar to the polymer used by Sperber et al. (1953). 
Preparation and administration of gelatin capsules of the markers to provide daily 

doses per cow of 15 g Cr,O, and 25 g PEG, the amounts necessary to give readily 
measurable concentrations in faeces, presented considerable practical difficulties, and 
so the markers were mixed with dried-grass meal which was then cubed. The cubes 
contained per IOO g 9.00 & 0.21 g moisture, 7-08 t 0.30 g Crz03, and 12-54 k 0.10 g 
PEG. They were offered in Polythene bowls twice daily before milking (at 06.00 and 
16.00 h) throughout the experiment at rates of IOO g/feed to one cow in each ration 
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group (providing daily 14.2 g Cr,O, and 25.1 g PEG) and 400 g/feed (56.6 g Cr,O, and 
100.3 g PEG daily) to the other four cows. The  bowls were usually licked clean and 
unconsumed residues were negligible. 

Collection and sampling of faeces 
Throughout the experiment the cattle wore harness, urine separators and faeces- 

collection bags which were usually emptied twice daily. For 5 days during the last 
week samples of the faeces produced by each cow were bulked in amounts propor- 
tional to the weights excreted, and subsequently subsampled for analysis. 

During the 24 h immediately preceding the 5-day collection period (I), single defae- 
cations from each cow were all separately collected when voided, weighed and 
analysed. During the 24 h immediately following the 5-day period (2), faeces voided 
by the four cows that received the higher dose of markers were separately collected 
every 4 h, weighed, and analysed. 

Chemical methods 
Chromium sesquioxide. The  method of analysis was similar to that described by 

Schurch, Lloyd & Crampton (1950). 
Polyethyleneglycol. Initially a colorimetric method of analysis (Schaffer & Critchfield, 

1 9 4 7 ~ )  was used. A modification of HydCn's (1956~) more rapid turbidimetric method 
was found to give results consistent with those obtained colorimetricaily and was 
adopted in later work. With both methods the feed or faeces samples containing PEG 
were first diluted ten or more times with water, and protein and sulphate were then 
removed from the aqueous extract as described by HydCn (1956~). Turbidity develops 
on adding a reagent consisting of trichloroacetic acid (30%, w/v) and barium chloride 
(5 %, w/v). Measurements of turbidity made in a photoelectric colorimeter, as pro- 
posed by HydCn (1956a), showed considerable variability and were unreliable, but 
satisfactory repeatable results were obtained with a nephelometer. The  reagent (5 ml.) 
was rapidly and carefully mixed with 5 ml. of protein- and sulphate-free aqueous 
extract of faeces in a nephelometer tube which was then placed immediately in the 
instrument. A straight-line relationship was found between maximum nephelometer 
reading and PEG concentration over the range 1.0-5.0 mg PEG/Ioo ml. The lowest 
concentration that could be determined with accuracy was 0-5 mg PEG/Ioo ml. 
Nephelometer readings reached a maximum after 1-6 min, depending on PEG con- 
centration, and then declined. Freshly made PEG solutions were used in the prepara- 
tion of standard curves, since stored solutions, especially those exposed to daylight, 
tended to give low values. 

RESULTS 

Results of analyses of bulked samples of faeces obtained during the 5-day collection 
period are presented in Table I. The  quantities of dried grass fed varied according to 
the live weight and milk production of the animal. Figures for dry-matter consumption 
include the small quantities of grass dry matter in the marker cubes. For each dried 
grass there was good agreement between cows in coefficients of apparent digestibility 
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of dry matter. Recoveries of Crz03, expressed as a percentage of the total amounts 
consumed, were rather variable for cows consuming dried grass A but averaged 
I O O - O ~ ~ ;  they averaged 94'4% for the cows consuming dried grass S. Regardless of 

Table I. Rations used, apparent digestibility of the ration dry matter, and chromium 
sesquioxide and polyethyleneglycol given and recovered in faeces of cows during a 
S-day conventional digestibility trial 

Marker 
Dried grass consumed r A \ 

,A 
I li Apparent Recovered in faeces 

Amount digestibility Given (g/day) ( %) 
(Ib. dry of dry matter a (-----'------, 

Cow no. Type" matter/day)t ( %) Cr203 PEG Cr,O, PEG 
268 S 20.9 75'9 14'2 25.1 9 4 4  96.2 
264 S 27'3 75'7 56.6 100.3 90'7 94.6 
265 S 25.6 75'1 56.6 100.3 98.1 97-1 

94'4 96,o Mean 75.6 - - 

189 A 23.8 
216 A 23'2 
224 A 25.0 

71.5 14.2 25.1 112.2 76.8 
71.3 56.6 100.3 99'1 89.0 
70.6 56.6 100.3 88.7 81.0 

- 100'0 82.3 Mean 71.1 - 

* Dried grasses S and A were prepared from herbages cut at different times from the same field 

t Includes the grass dry matter consumed in marker cubes, approximately 0.2 lb. (cows 268, 189) or 
(see p. 267). 

1.3 Ib. (cows 264, 265, 216, 224). 

Table 2. Total dry matter, polyethyleneglycol and chromium sesquioxide (9) excreted 
in faeces by cows during two 24 h periods (I and 2) (A), and variability between 
individual defaecations in period I (B)  

Dried grass S Dried grass A 
A < , ,  , 

Cow no. Cow no. Cow no. Cow no. Cow no. Cow no. 

Dry matter excreted (9) 

PEG excreted (9) 

PEG recovered in 6- or 7-day 

Cr,O, excreted (g) 

Cr,O, recovered in 6- or 7-day 

period (yo)" 

period (%)" 

No. of defaecations 
Coefficient of variation of: 

DN matter (IZ) 

Period 

I 

2 
I 

2 
- 

I 

2 - 

- 

- .-. 
PEG: percentage in dry-matter - 

Cr,O,: percentage in dry-matter - 
weight (9) - 

weight (6) - 

268 264 
A 

2418 3225 
3100 

23.18 106.04 
94'57 

95.6 96.1 

13.88 59.38 
57.98 

95'0 94'4 

B 
15 14 

25 I 8  
42 27 
53 37 
I 0  5 
21 '9 

- 

- 

- 

265 189 

2739 2779 
2302 - 
93'32 16.54 
76.89 - 
93.6 75'0 

56.60 13'47 
43'79 - 
95'4 109.4 

I3 13 

40 23 
24 30 
53 38 
4 8 

41 28 

216 

3392 
2799 
97'95 
76.06 
88.3 

62.25 
52'91 
99'9 

16 

25 
28 
44 
5 

26 

224 

3668 
3472 
94.26 
75'35 
82.0 

61.10 
54'04 
92'4 

I7 

30 
26 
26 

7 
31 

" Total weights of PEG or Cr,O, excreted in 5-dav period (Table I )  together with weights of markers 
excreted in 24 h period I (cows 268, 189; 6 days) or I and 2 (cows 264, 265, 216, 224; 7 days) 
expressed as a percentage of total amounts consumed in corresponding periods. 

18 Nutr. 12, 3 
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dose level the PEG recoveries from cows given dried grass A were low, averaging 
82.3 yo. Recoveries from the other three cows were consistently higher, averaging 
96.0y0. Samples of urine were taken regularly from all cows but no traces of PEG 
were detected. 

A, 
160 

cow 189 

I 

x 

60 

A (265) 
Q 

, 
A’ , 

t t night t t 
M DG MDGMDG M DG M DG 

08.00 Noon 16.00 20.00 Mid- 04.00 08.00 08.00 Noon 16.00 20.00 Mid- 04.00 08.00 
t t night t t t + t t  

M PG 
Time of day 

Fig. I.  Concentration of Cr,O, and PEG in the dry matter of samples of faeces from individual cows 

80 
60 
40 

expressed as a percentage of 

total weight of marker (9) recovered in 24 h 
taken as 100. - 

total weight of faeces dry matter ( g )  in 24 h ’ 
0-0, Cr20,; A- -A, PEG (both from analyses of faeces collected when voided in 24 h period I), 
0 ,  Cr,O,; A PEG in 4-hourly faeces collect,ons in 24 h period 2, 6 days later. Arrows show the 
times of giving cubes containing markers (M) and the dried-grass ration (DG). 

Results of analyses of faeces obtained duringperiods I and 2 (seep. 268) are presented 
in Table 2. There was some variation in the total weights of markers excreted but, 
when combined with the results obtained in the 5-day period, they did not greatly 
alter the estimates of total recoveries of markers. Coefficients of variation for the 
concentrations and weights of the two markers in individual defaecations were calcu- 
lated from the results obtained in period I .  Variations in the concentration of PEG in 
faeces dry matter (g/Ioo g) were large and considerably greater in magnitude than 
those of Cr,O, concentration. The weight of PEG in each defaecation varied with the 
weight of faeces voided and with PEG concentration. Variations in the weight of 
Cr,O, were caused mainly by variations in faeces output. 
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The concentrations of the two markers in each lot of faeces are shown in Fig. I 

where, for each cow, they are expressed as a percentage of 

total weight of marker (g) recovered in 24 h 
total weight of faeces dry matter (g) in 24 h '  taken as 100. -~ ~ ~~ 

The general pattern of marker excretion in period I was the same in all the cows. With 
allowance for errors due to less frequent collection of faeces the pattern was repeated in 
the results obtained 5 days later in period 2 for the four cows studied. Cr,O, and PEG 
excretion curves showed marked differences. Concentrations of Cr,O, rarely varied by 
more than 10% from the 24 h weighted means. There were two low and two high 
points in PEG concentrations which showed maximum variations of 40-60 yo from the 
weighted means. The high points occurred 10-14 h after the times of administration of 
the marker and bore little relation to Cr,O, values. 

DISCUSSION 

Marker recoveries 

The excellent measure of agreement between digestibility figures suggests that varia- 
tions in recoveries of markers during the 5-day collection period cannot be ascribed to 
errors in the trial technique. Other workers have reported considerable variations in 
the recoveries of Cr,O, from ruminants; for example Lancaster et al. (1953) obtained 
almost exactly I O O ~ ~  recoveries from three cows over a period of 40 days, but recoveries 
in the constituent 5-day periods varied between 90 and I 190/,. Estimates of recoveries 
in the present experiment were based on figures for the average composition of the 
marker cubes consumed, but the amounts of Cr,O, they contained were found by analy- 
sis to be rather variable, the standard deviation from the mean of 7-08 being 0.30. 
This variability would be sufficient to account for a considerable part of the variations 
in Cr,O, recoveries and it may have arisen because this dense material (sp.gr. 5.2) 

settled out of the grass meal during or after mixing and before cubing. 
The amounts of PEG in different samples of the cubes were relatively constant, 

averaging 12.54 o*100/~, and it is unlikely that the small variation was responsible for 
the variable PEG recoveries. In addition, cows consuming dried grass A consistently 
gave markedly lower recoveries of PEG, but not of Cr203, than those consuming dried 
grass S .  Since no cow excreted more than 97'1% of the PEG doses it appears that 
losses of PEG occurred ( I )  by absorption from the alimentary tract, (2) by destruction 
in the alimentary tract, or (3) during collection or analysis of faeces. 

( I )  Shaffer & Critchfield (19476) and Shaffer, Critchfield & Carpenter (1948) have 
shown that PEG entering the blood stream is efficiently excreted by the kidneys 
though small amounts of the polymers of lower molecular weight (400 and 1000) may 
be metabolized in the body. It is unlikely that the cows in the present experiment 
absorbed large amounts of PEG into the blood stream for none was ever detected in 
their urine. Hueper (1941) reported that macromolecular substances such as polyvinyl 
alcohol produced vascular lesions (atheroma) when fed to guinea-pigs. I t  was con- 
sidered that PEG, if absorbed into the blood stream, might have similar effects, and a 

18-2 
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cow used in an earlier experiment (Corbett et al. 1956) was slaughtered when it had 
consumed 25 g PEG daily for a period of I I weeks. A section of the aorta was examined 
histologically but no abnormalities were observed (L. G. Donald, personal com- 
munication). 

(2) HydCn (1956b) concluded that PEG was destroyed to a limited extent in the 
alimentary tract and that the losses increased as time of passage increased. It is not 
known whether the rate of passage of digesta was slower in cows receiving dried grass 
A, yielding the lowest PEG recoveries, than in the other cows, but this is unlikely, 
since the time intervals between marker doses and peak PEG concentrations in faeces 
for the two groups were approximately the same. Recoveries of PEG added to  faeces 
were not affected by incubation for some days at 37’ (Miller & Corbett, unpublished 
observations). The  effects of PEG upon rumen micro-organisms were also investigated 
by the technique described by Eadie, Mann & Oxford (1956). It was found (Eadie & 
Mann, personal communication) that neither bacteria nor protozoa were affected by 
concentrations of PEG in the range 0-1-1-0 g/roo ml. medium. This result agrees with 
the findings of Sperber et al. (1953). 

(3) It is unlikely that the apparent PEG losses were due to incomplete collection of 
faeces or faulty sampling procedures, and there was no possibility of leaching of PEG 
from faeces during handling. Experiments on the recovery of PEG added to faeces, 
extending those carried out earlier (Corbett et al. 1956), strongly suggested that vary- 
ing amounts of PEG were lost during the preliminary stages of analysis. Recoveries 
were usually low if, before removal of protein and sulphate, the faeces samples were 
diluted less than ten times with water, but in some instances, especially with faeces 
from grazing cattle, IOO yo recoveries were not achieved even after dilution to measur- 
able PEG limits. Full recoveries were always obtained when the PEG was added to a 
faeces extract after removal of protein and sulphate, and it appeared that a major part 
of the losses observed occurs when these substances are precipitated. However, there 
was no obvious relationship between the protein content of the faeces samples and the 
amounts of PEG lost; blood plasma added to aqueous solutions of PEG did not affect 
determinations. HydCn (1956h) obtained good recoveries of PEG in in vitro trials but 
these were all done with faeces derived from winter rations. In  our experiments also, 
recoveries were usually good from the faeces of cattle fed on winter rations (varying 
proportions of hay, silage, straw, turnips, distiller’s grains and concentrates) but there 
were anomalous results with some samples and it was observed that these, like ‘grass’ 
faeces, formed a fairly stable colloid-like suspension with water. 

Variations in marker concentrations 
Irregularities in feeding pattern and behaviour enhance irregularities in the excretion 

of markers by cattle and sheep (Balch, Reid & Stroud, 1957; Lambourne, 1957) and, 
as shown by Hardison & Reid (1953) and Raymond & Minson (1955), faecal Cr,O, con- 
centrations are more variable in grazing than in hand-fed animals. In  this indoor 
experiment management of the cows followed a regular routine and it is probably 
for this reason that they all showed remarkably similar marker-excretion patterns 

https://doi.org/10.1079/BJN
19580038  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN19580038


VOl. I 2  Cr,O, and polyethyleneglycol as feed markers 273 
(Fig. I), but although variations in faecal Cr203 concentrations were, as might be 
expected, fairly small, PEG concentrations unexpectedly varied very widely. 

At first sight it appears that the physical properties of PEG, its low sp.gr. (1.2) and 
solubility in water, are more satisfactory than those of Cr,O, which, with a sp.gr. of 
5.2, might tend to settle out of digesta and, as suggested by Barnicoat (1945) and 
Crampton & Lloyd (1951), give rise to local concentrations and retention in the gut. 
Hoelzel(I930) reported that the rate of passage of various inert materials through the 
digestive tract was more or less proportional to their sp.gr. (range 0.9-19.2) but the 
test materials were given as fairly large-sized beads, discs or rods. Cr20,, used com- 
mercially as a paint pigment, is an impalpably fine powder and Chanda, Clapham, 
McNaught & Owen (195 I )  stated that it readily remains in suspension in gut contents. 
The results of this experiment suggest that the density of a marker when it is given in a 
finely divided state is relatively unimportant amongst whatever factors determine the 
pattern of its excretion and that, provided it becomes well mixed with digesta, sedi- 
mentation in the stomach or elsewhere (e.g. the caecum) does not occur to any appreci- 
able extent. These conclusions are supported by results reported by other workers. 
Raymond & Minson (1955) found no evidence of a decrease in the range of the diurnal 
variation in faeces when Cr,O, was given by drenching as a stable suspension (sp.gr. 
1.03) instead of in capsules, and Lambourne (1957) found that the pattern of excretion 
of monastral blue (sp.gr. 1.1) was similar to that of Cr,O,. In addition Corbin & 
Forbes (195 I)  found diurnal variations in the concentration of the oil-soluble dye, 
anthraquinone violet, in the faeces of lambs given regular standard doses of this 
substance. 

Even if a marker were well mixed with the contents of the alimentary tract variable 
excretion would occur if feed constituents of different digestibilities became stratified 
in passage through the gut or absorption activity varied at different times of the day, 
i.e. a high marker concentration in a sample of faeces would correspond to the passage 
of a well-digested feed fraction. These possibilities have been suggested by Bloom et al. 
(1957) in order to account for results obtained with dairy COWS and by Moore (1957) in 
order to explain why pigs excreted Cr20, unevenly although it was very thoroughly 
mixed with the whole of the diet. If diurnal variations in digestibility were the only 
cause of variations in marker excretion, the patterns of Cr,O, and PEG excretion would 
be identical. Furthermore, if dried grass S, which gave digestibility coefficients for dry 
matter of approximately 70 %, is taken as an example, those lots of faeces that contained 
amounts of PEG 50 greater than the weighted mean concentrations would indicate 
a dry-matter digestibility of 84%, and those containing only half the mean PEG con- 
centration a 50 % digestibility. Consequently, it is unlikely that variations in digesti- 
bility accounted for more than a small part of the variations in the excretion of PEG 
and probably also of Cr,O,. 

I t  is probable that variable marker excretion by ruminants arises mainly from 
uneven clearance from the stomachs, particularly the reticule-rumen. Marked varia- 
tions in Cr20, concentrations have been found by one of us (J. F. D. G.) in samples of 
digesta taken from the duodenum of a sheep dosed with capsules containing this 
marker, larger variations, in fact, than those found in the resultant faeces. Balch et al. 
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274 J. L. CORBETT AND OTHERS 1958 
(1957) found greater variations in Cr,O, concentrations in digesta passing through the 
reticulo-omasal orifice than in faeces and suggested that digesta undergo some mixing 
after leaving the reticulo-rumen. 

When markers are given in a concentrated form once or twice daily, uneven excre- 
tion probably arises in the first instance from the rapid passage of a portion of the dose 
before thorough mixing with digesta has been achieved. This was shown by the results 
of Balch et al. (1957), and Lambourne (1957) found that match-head sized specks of 
Cr,O, had progressed two-thirds along the length of the small intestine of sheep only 
I+ h after dosing. Subsequently, after some degree of mixing, the relatively continuous 
process of feeding would probably reduce progressively marker concentrations in the 
rumen and outflowing digesta in the intervals between doses. Thus Pigden & Brisson 
(1956) and Brisson, Pigden & Sylvestre (1957) found that sheep and cattle excreted 
Cr,O, very evenly when it was administered in six equal daily doses, one every 4 h. In  
itself neither of these possibilities fully explains the difference between the excretion 
patterns of Cr,O, and PEG, and it appears that it must be explained by differences in 
the distribution of the two markers amongst digesta. Balch et al. (1957) found that 
once the Cr,O, had become mixed with the contents of the reticulo-rumen the amount 
present there declined at much the same rate as the dry matter of the contents. It is 
suggested, therefore, that Cr,O, behaves in a manner similar to that of dry matter in its 
passage through the gut. As suggested by King & Moore (1957) Cr,O, may, in fact, be 
adsorbed on to feed particles or lodge in pits and crevices in fibrous digesta. PEG, on 
the other hand, is readily soluble in water and after a dose is administered its distribu- 
tion within the reticulo-rumen probably soon parallels that of water. The  greatest 
amounts of PEG would therefore be present in the liquid phase of the digesta and, as 
shown by Schalk & Amadon (1928), it is this portion that is least delayed in its passage 
along the gut. Consequently, PEG would tend to be cleared much more rapidly than 
Cr,O, from the reticulo-rumen and, after water resorption, it would appear in the 
faeces dry matter in widely varying concentrations. These hypotheses will be tested 
experimentally. 

It appears that reference substances should be chosen with care and perhaps ‘tailored ’ 
to fit the requirements of the experiment. For example the fate of Clostridium welchii 
introduced into the rumen of lambs was studied by Bullen, Scarisbrick & Maddock 
(1953) with the aid of a finely divided alumina (tagged with radioactive iridium) with 
suspension properties similar to those of the organism. It is unlikely that PEG would 
be a satisfactory marker of dry matter, even if the analytical technique were modified 
to give consistent recoveries, but it does appear to be a valuable indicator of the flow of 
water and solutes through the alimentary tract, as originally suggested by Sperber et al. 
(1953). Probably no single marker can exactly follow the passage of ‘dry matter’, a 
convenient term for a highly variable entity in which each constituent will tend to 
show individual behaviour patterns in passage. Thus diurnal variations in the con- 
centrations of lignin (Kane et al. 1952) and plant pigments (Hardison, Linkous & 
Ward, 1957) in cattle faeces have been reported. Cr,O, appears to be the most generally 
satisfactory marker of dry matter yet tested and difficulties in its use are probably due 
more to inadequate mixing with digesta than to its physical properties themselves. 
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SUMMARY 

I. Two groups of three cows, consuming two different lots (S and A) of baled 
artificially dried grass, were given constant amounts of dried-grass cubes containing 
approximately 7-1 yo chromium sesquioxide (Cr,O,) and 12.5 yo polyethyleneglycol 
(PEG) of molecular weight 4000 twice daily. One cow in each group consumed daily 
142 g Cr,O, and 25.1 g PEG, and the other four cows four times these quantities. 

2. There was excellent agreement between the cows in each group in the coefficients 
of apparent digestibility of the dry matter of the ration. Recoveries of Cr203 in faeces 
were somewhat variable and over a 5-day period averaged 97'2 yo of the amounts con- 
sumed by the six cows. Over the same period PEG recoveries averaged 96.0% for the 
three cows given dried grass S and 82.3 yo for the other group given dried grass A. 

3. I t  is concluded that the variable recoveries of Cr203, but not of PEG, were due 
mainly to variations in the amounts present in the carrier cubes. 

4. There was no evidence of absorption of PEG into the blood stream, and though 
some PEG may have been destroyed in the alimentary tract, the apparent low recoveries 
were probably due mainly to artifacts arising during analyses of faeces. 

5. The patterns of excretion of Cr,03 and PEG were studied in two 24 h periods. 
In  all the cows the concentrations of Cr203 in the dry matter of separate defaecations 
varied by a maximum of approximately t- 10% from the 24 h weighted mean con- 
centrations. Maximum variations in PEG concentrations, on a similar basis, were 
k 4-60 oh. 

6. I t  is concluded that the uneven excretion in faeces arose mainly from uneven 
mixing with digesta in the reticulo-rumen and that the distinct patterns of excretion of 
the two substances arose from their differential distribution in this part of the gut. 
Cr203 was probably associated primarily with the solid fraction of the digesta and PEG 
with the liquid fraction. 
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The amino-acid requirement of laying hens 
3. Minimal requirement levels of essential amino -acids: 

techniques and development of diet* 
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The  objectives of previous studies from this laboratory were to develop a diet in which 
nitrogen was supplied as free amino-acids that would maintain egg production (Fisher 
& Johnson, 1956) and to determine those amino-acids essential for it (Johnson & 
Fisher, 1956). In  proceeding with the determination of the requirement for individual 
amino-acids it was necessary, in order to reduce all amino-acids to minimal levels, to 
consider the factors that influence the amino-acid requirement of a species. 

N intake has been shown to influence the requirement of several amino-acids in diets 
containing protein. However, no direct information is available concerning the effect 
of the N intake as related to diets containing. free amino-acids. The  relationship between 
protein intake and caloric intake has been well established in chick nutrition and 
reports are beginning to appear concerning the relationship between dietary amino- 
acid level and energy intake. 

* Paper of the Journal Series, New Jersey Agricultural Experiment Station, Rutgers University, the 
State University of New Jersey, Department of Poultry Science, New Brunswick. 
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