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Rate of passage of digesta in sheep

2.* The effect of level of food intake on digesta retention times and on
water and electrolyte absorption in the large intestine

By W. L. GROVUMft anp J. F. HECKER

Department of Physiology, School of Rural Science, University of New
England, Armidale, NSW 2351, Australia

(Received 20 Fuly 1971 - Accepted 23 February 1973)

1. Three groups of sheep receiving 400, 800 and 1200 g lucerne chaff/d in equal hourly meals
were killed. The large intestines were removed and divided into segments 15 cm long to provide
information on the amounts and dry-matter contents of digesta and on the rates of passage
of digesta and absorption of water along the large intestine.

2. With increasing intakes of food, increases were observed along the entire large intestine
in the amounts of wet digesta present, in the transit rates of digesta and in the rates of absorp-
tion of water. The mean retention time of digesta in the large intestine decreased with increas-
ing food intake, being 1737, 1056 and 692 min respectively.

3. Four patterns of sodium and potassium concentrations in digesta water along the large
intestine were found.

Coombe & Kay (1963) injected markers into the ileum of sheep through fistulas
and showed that the retention times of these markers in the large intestine were de-
creased by increasing the level of food intake. In other experiments with sheep the
times for 59, excretion of markers, administered as single injections into the rumen,
were also decreased by increasing the level of intake of long roughage (Lambourne,
1957; Raymond, Minson & Harris, 1959; Graham & Williams, 1962). These changes in
5 9%, excretion times indicate a faster 1ate of passage of marker through the gut distal
to the reticulo-rumen (Balch, 1950). As the retention times of marker in the small
intestine of sheep were relatively small and not greatly affected by the level of food
intake (Coombe & Kay, 1965; Grovum & Williams, 1973), the decrease in 59, times
must have resulted mainly from a faster passage of digesta through the large intestine.

Hecker & Grovum (1971) determined the rate of passage of digesta and the rates
of water and electrolyte absorption along the large intestines of sheep given 8oo g
lucerne chaff/d. The purpose of the experiment now reported was to study the effect
of level of food intake on these characteristics.

EXPERIMENTAL

The seven sheep given 400 g and the six sheep given 1200 g lucerne chaft were
those used in the study of the small intestine reported by Grovum & Williams (1973),
and details of the sheep, their housing and feeding are described there. The results

* Paper no. 1: Br. ¥. Nutr. (1973), 29, 13.
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reported by Hecker & Grovum (1971) for six sheep given 8co g lucerne chaff/d have
been supplemented with results for two additional sheep.

The length of the large intestine, wet and dry weights of digesta, retention time and
transit rate of digesta, calculated lumen diameter and sutface area of the large intes~
tine and the electrolyte concentration in digesta were determined by the methods of
Hecker & Grovum (1971).

The total faccal outputs and their dry-matter contents for each sheep were measured
over 5 d.

The rates of water absorption from parts of the large intestine were also measured;
the method of Hecker & Grovum (1971) was called method 1. In addition, method
2 (equation 1) was used for calculation of the rate of water absorption in the caecum
and proximal colon in g/100 ¢m? per min:

(Wi——VVS)aX_IO_O' (I)

AxT I
W; and W, were weight of water (g) per g dry matter in digesta in the terminal ileum
and at the start of the spiral colon respectively, and a, A and T were the amount of
dry matter in, the surface area of, and the retention time of digesta in the caecum and
proximal colon respectively.

In the presentation of the results, the large intestine has been considered to consist
of five scctions, each 209, of the total length. These are the caecum and proximal
colon, centripetal colon, centrifugal colon, subterminal colon, and terminal colon.
Statistical comparisons between results for sheep given different amounts of food
were made by analysis of variance and the sequential variant of the Q method.
Probabilities of less than o-o5 were taken to be significant.

rate =

RESULTS
Length of the large intestine, wet and dry weight of digesta and retention times

The lengths of the large intestine (Table 1) were not significantly correlated with
either the live weights of the sheep or food intake.

There were significantly more wet digesta in the large intestine of sheep given 1200
g food/d than in those given 400 g (Table 1). There were significant positive correla-
tions between the weights of wet digesta in each of the five sections of the large
intestine as well as the total and food intake. The differences between treatments in the
dry-matter contents of the large intestine were significant in only two sections.

The retention times of digesta in all sections of the large intestine were significantly
shorter for larger food intakes (Table 1). The retention times were longest in the
caecum and proximal colon and shortest in the spiral colon for each level of food
intake.

Transit rates of digesia

Larger food intakes were associated with faster mean transit rates along the length
of the large intestine except in the terminal colon where the rates were similar for the
sheep given 400 and 8oo g lucerne chaff (Fig. 1). The fastest transit rates were in the
spiral colon for each level of intake.
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Table 1. Lengths of sections, and weights and retention times of digesta in the sections
of the large intestine of sheep given 400, 800 or 1200 g lucerne chaff/d (n = 7, 8 and 6
respectively)

(Mean values with their standard errors)
Caecum and
proximal Centripetal Centrifugal Subterminal Terminal
Food intake colon colon colon colon colon Total

Length (cm)

400 87x72 99153 112:4£9:4% 200+ 1470 498 £257%
8o 80467 88174 92+ 57 192+9°5 4501233
1200 98+ 82 92+7°3 124+ 3°3° 226 +13°3 537+ 151
Ft * #
Wet weight (g)
400 711:£68:3% 55149 39+t57° 37+42% 70+ 9-1% 912+ 80-82
800 74514630 67132 s50+32 50139 123+ 134 1034%49'5"
1200 956 + 49-0 81+ 69 61+4'5 50182 124+135° 1282+51°0
FT * L #* * ¥ % k323
Dry weight (g)
400 104+ 15°5 IoT 11 grrIs Irtir 25+38% 160+ 12°5
8oo 91+ 6 12+04 12+ 0%7° I5+ 14 47164 176 +12°4
1200 116 +7°8 12412 13+ 08 16+ 16 41149 20094
Ft #* *
Retention time (min)
400 1098+ 130°0% 113194 110+ 15-8%  124+14'0%  292+445% 1937+ 1660
800 568 + 36-7P 67 +2-8° 67 & 420 811670 273+ 378 1056 1 58-0P
1200 4071 408 44+3-3¢ 47t33 56+65 139£159° 692+44'5°
F-i- Fokk dkk dgok Kk ik * % k¥

e b e: Significant differences (P < 0-03) between pairs of means as follows: the greatest and the
least (a), the greatest and the intermediate (b), the intermediate and the least (c).
+ Significance levels of F in the analysis of variance: ¥ P < o003, ¥* P < oo1, ¥* P < 0005,

Water content of digesta

The mean water contents of ileal digesta were 125+ 06 (SE), 10:6 £ 0-3 and 120+
o1 g/g dry matter for the sheep given 400, 800 and 1200 g food respectively. These
water contents were significantly greater than those of the caecum. There was a
decreasc in water content of digesta from the caecum to the rectum in each group of
sheep (Fig. 2). The sheep given 1200 g food had significantly more water in the digesta
along the first 60 %, of the large intestine than those with the other two intakes (Fig. 2).
The differences between the values for sheep given 400 and 8oo g were not significant
except in the terminal 159, of the gut. The correlation between the water content of
digesta in the rectum and food intake was not significant. Also, the water content of
digesta in the rectum of sheep given either 400, 800 or 1200 g food was not significantly
correlated with the retention time of digesta in the large intestine.

Grooves were observed in the digesta that had less than about 5-1 g water/g dry
matter. Pellets were distinctly formed when the digesta contained about 3-6 g water/g
dry matter. These values were not affected by the level of food intake.
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Fig. 1. Effect of food intake on the mean rate of passage of digesta along the large intestine of
sheep given (X ) 400 g/d (n = 7), (O) 8oo g/d (n = 8), or (+) 1200 g/d ( = 6).
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g. 2. Effect of food intake on mean water contents of digesta along the large intestine of sheep
given (%) 400 g/d (n = 7), (Q) 8oo g/d (n = 8), or (+) 1200 g/d (n = 6).
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Fig. 3. Effect of food intake on calculated lumen diameter or mucosal surface area along the
large intestine of sheep given (X) 400 g/d (n = 7), (O) 8oo g/d (n = 8), or (+) 1200 g/d
(n = 6).

Calculated lumen diameter or surface area

The lumen diameter or surface area of the caecum and proximal colon increased
as the level of food intake increased (Fig. 3), but the differences were not significant.
In the remainder of the large intestine, except the rectum, these characteristics were
greater in the sheep given 8oo and 1200 g than in those given 400 g. The differences
between the values for sheep with the two higher intakes were not significant.

Calculated mucosal surface area

The total surface areas of the large intestine were 1842 + 119 (SE), 1959 + 82 and

2357 + 72 cm? for sheep given 400, 8oo and 1200 g respectively. The mean for the

1200 g group was significantly greater than that for the other two groups (P < o-03).
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Fig. 4. Effect of food intake on the rates of water absorption per unit calculated mucosal
surface area along the large intestine of sheep given (%) g00 gf/d (n = %), (O) 8oc g/d (n = 8),
or (+) 1200 gfd (7 = %).

Rates of absorption of water

The rate of water absorption from the large intestine, calculated by method 1,
tended to increase as the food intake increased (Fig. 4). The differences between the
sheep given 400 and 1200 g were most marked. The rates in the caecum and proximal
colon calculated by this method were small. They were greatest in the spiral colon and
tended to decrease towards the rectum.

The mean rates of water absorption in the caecum and proximal colon calculated
by method 2 were 0-068 + 0-022 (SE), 0-116 1+ 0-004 and 0155 + 0:004 g/100 cm? per
min for sheep given 400, 8oo and 1200 g food respectively. The value for the 400 g
food intake was significantly less than that for the other two intakes (P < o0-05).

Electrolyte concentrations

The concentrations of sodium and potassium per g dry digesta decreased from the
most proximal segment in the caescum to the most distal segment in the rectum
(Table 2). The changes were greater for sodium than for potassium. The changes in
electrolyte concentrations between the caecum and the rectum were not significantly
affected by the level of food intake.

Four patterns of sodium and potassium concentrations in digesta water were found
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Table 2. Concentrations of sodium and potassium in dry matter of digesta obtained Jfrom
the large intestine of sheep given 400, 800 or 1200 g lucerne chaffld (n = 7, 6 and 6
respectively)

(Mean values with their standard errors)

Position* 400 g food 8oo g food 1200 g food
Sodium (uequiv.[g)
1 618%35 573%33 716+ 150
2 432+ 54 488+ 32 480 + 100
3 237t 42 279+ 28 265+ 69
4 1491 30 130+ 17 174+ 47
5 10125 54+9 96t 22
6 63+20 2416 40+ 11
Potassium (pequiv./g)
I 232437 123+ 33 276+ 99
z 212 +48 13135 253+ 100
3 164+ 43 113+ 40 zor+%8
4 146+ 40 67122 168 - 42
5 113+ 34 42+13 110+ 32
6 96+28 23+ 130 69+18

* The caecum (1), the start, apex and end of the spiral colon (2—4), the mid-point between the end
of the spiral colon and the rectum (5), and the rectum or terminal segment of the large intestine (6).
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Fig. 5. Patterns of sodium and potassium concentrations in digesta water along the large
intestine of sheep. A, seven sheep; B, four sheep; C, one sheep; D, one sheep. (@) sodium
concentration ; (O) potassium concentration.

in the shecp given 400 and 1200 g; representative results for each pattern are shown in
Fig. 5. Three sheep given 400 g and four receiving 1200 g had low potassium concen-~
trations; the sodium concentrations decreased between the caecum and the rectum
(part A). Two sheep with each of these intakes had low sodium concentrations and
high potassium concentrations (part B), and another given 400 g food had high sodium
and low potassium concentrations (part C). In the other sheep, with 400 g food, the
sodium concentration decreased and the potassium concentration increased along the
large intestine (part D).

ssa.d Asssnun abprique) Aq auljuo paysiignd 8Z00£.6LNIE/6£01°01/B1010p//:sd1y


https://doi.org/10.1079/BJN19730028

228 W. L. Grovum AND ]J. F. HECKER 1973

DISCUSSION

The sheep used in this experiment were allocated to the food treatments without
regard to sex. Ewes constituted four out of seven sheep given 400 g food/d and one
out of six sheep given 1200 g. In this paper, the differences in results between treat-
ments have been interpreted as mainly effects of level of food intake rather than sex.

The difference in the water content of digesta between the ileum and the caecum
was probably due to mixing of digesta in, and absorption of water from, the caecum
and proximal colon (Hecker & Grovum, 1971). If the contents had been completely
mixed, they would have been homogeneous. However, the gradient in the concentra-
tion of water per g dry matter in the caecum and proximal colon indicates that mixing
occurred but that it was not complete. Faichney (196g) came to a similar conclusion
while studying the rates of production of volatile fatty acids in the caecum and proxi-
mal colon of the sheep. This mixing would result in an underestimation of the rate of
water absorption for the caecum and proximal colon as calculated by method 1 but
would not affect the rate as calculated by method 2.

The greater rates of flow of digesta through the gut associated with the larger intakes
of food were apparently accommodated to a limited extent in the large intestine by an
increase in lumen diameter or mucosal surface area (Fig. 3). The lumen diameters
in the last 809, of the large intestine of the sheep given 800 and 1200 g were similar
but larger than those in the sheep given 400 g. The transit rates of digesta beyond the
caecum and proximal colen were markedly greater in the sheep given 1200 g food/d
than in those given 8co g (Fig. 1), indicating that the removal of undigested food
residues from the alimentary tract at larger food intakes was facilitated more by an
increase in propulsive motility of the large intestine than by distension or an increase
in its lumen diameter. The upper physiological limits to distension or propulsive
motility are unknown.

Some caution is required in interpreting the measurements of lumen diameter and
surface area of the large intestine because it was difficult to free the large intestine
from its mesentery without a small amount of stretching. Thus the significant differ-
ence between the lengths of the centrifugal colon (Table 1) may have been due to
disproportionate stretching. The method does not account for small folds in the mucosa
or for gas in the digesta of the proximal large intestine and between the pellets in the
rectal region. The actual lumen diameters and mucosal surface areas in these sections
of the intestine will therefore be underestimated.

The retention time of digesta in the large intestine was less for the larger food in-
takes. This was also found by Coombe & Kay (1965). The present study has shown that
the transit rates of digesta were faster or that the retention times were shorter in all
sections of the large intestine of sheep with larger food intakes. However, the digesta
spent the longest time in the caecum and proximal colon, and the decrease in the
retention time of digesta due to increases in food intake were greatest in this section.
Thus the caecum and proximal colon probably contributed most to the total decrease
in marker retention times in the large intestine due to increases in food intake.

Four patterns of electrolyte concentrations in digesta water were observed in this
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experiment. Hecker & Grovum (1971) reported that five out of six sheep given 8oo g
lucerne chaff showed changes in electrolyte concentration in digesta water similar to
that in part A of Fig. 5. The results for their sixth sheep showed changes in sodium
concentration similar to that in part A, but the potassium concentration increased from
the caecum to the apex of the spiral colon and then decreased to a low value in the
rectum. The results for this sheep, therefore, give an additional pattern of electrolyte
changes in the large intestine. A pattern for sodium and potassium similar to that
shown in part D for one sheep was found in fifteen sheep by Pfeffer & Christen (1969).

The sheep given 1200 g absorbed approximately 3-8 times as much water from the
large intestine per d as those given 400 g (Grovum & Williams, 1973). The decreases
in electrolyte concentrations per g of dry matter between the caecum and the rectum
were similar for all food intakes (Table 2). Therefore, the sheep given 1200 g must
have absorbed at least three times as much sodium and potassium as the sheep given
400 g. This would account for the increased quantities of water absorbed at the
higher intakes if one assumes that water absorption was linked to active sodium
transport. Sodium must have been actively absorbed, since its concentration in digesta
water (Fig. 5) was always less than the value of about 145 mequiv./l expected for plasma.

The water contents of digesta in the rectum and the differences in water content of
digesta between the terminal ileum and the rectum were essentially the same for the
1200 and the 400 g food intakes even though the retention time of digesta in the large
intestine was markedly less in the sheep given 1200 g/d (Table 1). The rates of water
absorption from the large intestine per day or per unit of retention time were greater
in the sheep given 1200 g than in those given 400 g. This phenomenon may also be
explained by the rapid absorption of sodium from digesta in the large intestine. The
results presented for the moisture content of digesta (Fig. 2) and the concentration of
sodium in dry digesta along the length of the large intestine (Table 2) are similar
to those published by Pfeffer & Christen (1969) for sheep. However, they found that
the concentration of potassium in dry digesta did not change greatly along the large
intestine from a value of about 10-8 mg/g, which is similar in magnitude to that
shown in Table 2 for the caecum. In our sheep the concentration of potassium in
dry digesta decreased distally along the large intestine.

There were no marked differences in the concentrations of sodium and potassium
in digesta water between the food intake groups. Devroede & Phillips (1969, 1970)
perfused the human large intestine with isotonic solutions containing polyethylene
glycol and sodium chloride and found that increasing the infusion rate from 35 to 10
ml/min caused more water to be absorbed from the colon even though the mean
transit time of the marker was reduced. This increase in the rate of water absorption
per unit of retention time could have resulted from an increase in the surface arca
available for absorption, or an increase in pore size in the mucosa. However, changes in
the mucosal surface area were apparently not responsible for the increased rate in the
sheep in this experiment because water absorption was expressed per unit of marker
retention time and per unit of surface area. Thus, in humans and in sheep, the rate of
water absorption from the large intestine may be affected primarily by the ability
of the large bowel to absorb sodium.,
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In our work the water content of the facces was not related to the quantity of lucerne
chaff given nor to the retention time of digesta in the large intestine. These results
do not agree with those of Castle (19564, b, ¢) or Blaxter, Graham & Wainman (1956),
who worked with goats and sheep respectively. No explanation for the different
findings can be given.

The small and large intestines accommodate increased flows of digesta resulting
from increased food intake by distending to accept a greater volume of digesta and by
increasing the transit rate of digesta (decreasing its retention time). However, the
decrease in the retention time of digesta in the large intestine with increased food
intake was much greater in magnitude than that for the small intestine (Grovum &
Williams, 1973).

W.L.G. is grateful to the Australian Government for financial support under the
Commonwealth Scholarship and Fellowship Plan.
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