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ABSTRACT

ABSORPTION AND SECRETION OF NUTRIENTS THROUGHOUT
THE ALIMENTARY TRACT OF YOUNG CALVES FED
DIFFERENT LEVELS OF FIBER AND PHOSPHORUS

by Modesto G. Yang

Two separate trials were performed to evaluate the
effects of different levels of dletary phosphorus and fiber
from semi-synthetic diets on the performance of male
Holstein calves from birth until 12 weeks of age. There
were no statistical differences in feed 1ntakeslor body
welight gains among groups of calves fed 3.0, 3.1, or 3.4 g
of phosphorus daily per 100 1b body weight (P levels 1, 2,
and 3 in Trial I) or rations containing 0.135, 0.196, 0.222,
or 0.291% phosphorus ( P levels 1, 2, 3, and 4 in Trial II),
Blood serum concentrations of calcium, phosphorus, and phos-
phatase activity and percentage fat-free rib bone ash were
not appreclably affected by levels of phosphorus in the
diets of calves but bone mass (g of bone ash per 100 1b
body weight) was greatest for calves fed phosphorus level 3
in both trials.

The calves that were fed a low-fiber ration (10% fiber)
consumed significantly less dry matter per unit body weight
than those fed a high-fiber ration (33% fiber, Trial I).
Similarly in Trial II, much less of a 9% fiber ration was

consumed than one of 20% (P < .0005).
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Subsequent to the 12-week performance period, the
calves in Trial I were force-fed Crp03 for one week while
in Trial II the calves were fitted with collection bags for
total collection of feces. The calves in both trlals were
killed at the end of the week and thelr gastrointestinal
contents removed, weighed, and sampled for various measure-
ments. |

The percentage distribution of dry digesta in respec-
tive sections of the alimentary tract was very similar for
calves fed the low- and high-fiber rations within each trial
although the calves fed the high-fiber rations had more
total dry digesta in the entire tract per 100 1b body weight.
The wet ruminal digesta were correlated (r = +0.57) to daily
fecal output and rumen retention time to daily feed consump-
tion (r = +0.46).

An average of 405 and 1140 millimoles of volatile fatty
acids (VFA) was found in the entire tract of calves fed the
low- and high-fiber rations respectively in Trial I, while in
Trial II the quantities were 618 and 676. An average of
55-88% of the total VFA was in the rumen of calves in both
trials., Approximately 8.5% of the total VFA was in the omasum
and 1.5% in the abomasum and small intestine. The large intes-
tine and cecum contained on the average 11-36% of the total.
In Trial I neither phosphorus nor fiber levels significantly
affected the molar percentage distribution of acetlc, proplonic

and butyric acids in the ruminal digesta. The average molar
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percentages were 66, 24, and 10 respectively for the three
aclds, In Trial II the molar percentages were 71, 23, and
6 for calves fed the low-fiber rations compared to 65, 27,
and 8 for calves fed the high-fiber ration.

Considerably less lactic acid than VFA was present
in the alimentary tract of the calves, Only 7.1 to 14.5
millimoles per calf were detected. From 52.6 to 78.6% of
the lactic acid in the entire tract was found in the small
Intestlne of calves 1in both trials.

The concentration of a nutrient in two consecutive
sectlons of the tract was used 1n conjunction with the
marker ratlo equation for estimating degree of secretion
and/or absorption of nutrients in eight sections of the
alimentary tract. Significantly less dry matter and organlic
matter were absorbed in the rumen of calves fed the high-
fiber rations than those fed the low-flber rations while the
reverse was true for filber absorption in both trials. In
general, dry matter and organic matter were secreted into
the omasum, abomasum and the first half of the small intes-
tine. In the lower half of the small intestine, large
intestine, cecum, and rectum, dry matter and organic matter
were absorbed.

Phosphorus, calclum, and ash were absorbed in the rumen.
In the omasum and abomasum the fate of these three nutrients
was varlable. Secretion of these three nutrients was
definite for the upper section of the small intestine. Re-

absorption occurred in the remainder of the tract.



Modesto G. Yang

The absorption of sodium took place in the rumen and
omasum while secretlon occurred 1n the abomasum and upper
section of the small intestine. Sodium absorption again
occurred in the lower section of the small intestine and
secretion in the large intestine and cecum. Filnally absorp-
tion of sodium took place in the rectum.

Water was absorbed in the omasum and secreted into
the abomasum and upper small intestine. The lower small
intestine, large intestilne, cecum, and rectum absorbed
practically the equivalent amount of water secreted by the
abomasum and upper small intestine.

Absorption of VFA occurred in the omasum and abomasum
while a considerable amount was produced in the large intes-
tine and cecum, Some degree of absorption of VFA was found
in the rectum prior to the volding of digesta as feces.

Lactic acid was absorbed in all sections of the allmen-
tary tract except abomasum and upper sections of the small
intestine where productlion exceeded absorption.

A method was developed to estimate the caloric value
of the VFA absorbed. On the average the rumen supplied
energy in the form of VFA to equal 55% of the total net
energy required for maintenance and growth while the cecum
supplied 7.4%. Of the total energy supplied by VFA, 50%
came from acetic and the remaining 50% from propionic and
butyric acids.

Comparison of Cr203 and lignin as the indigestible

markers to determine degree of digestlion indicated that
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values obtained were 1in general greater when lignin was
used to determine absorption of nutrients in the rumen but

not for other sectlons of the gastrointestinal tract.
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CHAPTER I
INTRODUCTION

Even though the need of providing cattle with suffi-
cilent amounts of phosphorus 1s well documented in the
sclentific literaturea much disagreement presently exists
among nutritionists regarding the amount considered adequate
for very young calves. The lack of agreement exists mainly
because of the difficulty in interpreting criteria used in
the evaluation of the phosphorus status of animals. Depraved
appetite and unthriftiness are two of the common symptoms of
prolonged phosphorus deficlency often observed in cattle and
are sometimes used as criteria to estimate phosphorus require-
ment of cattle. The 1importance of evaluating the phosphorus
requirement of young calves and the influence of diletary
phosphorus on appetite 1s, therefore, obvious.

Recently the "High-roughage" system of feeding calves
was proposed by investigators from the Ohio Station. The
dietary level of the roughage or fiber may decrease the
intake of the calf by reducing its alimentary capacity to
hold feed. The effect of dietary levels of fiber on appetite
are therefore of practical importance in the rearing of young
calves speclally when their rumina are not as yet fully

developed. The first part of the present experiments was



designed to determine the phosphorus requirement of the calf
between 30 and 84 days of age and to evaluate the importance
of levels of phosphorus and fiber on calf appetite.

Because the study of absorption and secretion of
nutrients in the alimentary tract is difficult, very little
experimentation has been done on this problem by nutrition-
ists and other blologists., Even lesser amount of work has
been done to study specifically the degree of digestion or
to follow the fate of digesta throughout the alimentary
tract of animals., If sufficlent basic information were
avallable on the processes of digestion, a calf ration
could possibly be formulated to better meet the physiological
needs of the calf. The second part of the experiments was
therefore planned to study the extent of absorption and
secretion of nutrilents throughout the alimentary tract of

the calf,.



CHAPTER II

REVIEW OF LITERATURE

Secretion and Absorptlon in the
Gastrointestinal Tract

Although much work has been done to determine total
digestion which 1s mainly the end result of secretion and
absorption few attempts have been made to trace the fate
of digesta within each section of the alimentary tract.
Several methods have been developed mostly to study the
absorption of volatile fatty acids by the rumen but are
also applicable to the study of other nutrients in the
digestive tract. The following is a list of the methods
used to study quantitative changes of digestion at differ-
ent sections of the gastrointestinal tract:

1. Perfusion of isolated but living organs and the
determination of constituents entering and leaving the organ
in the perfusate.

2. Determination of the concentration of the consti-
tuents in the organs 1in question at different time intervals
after feeding.

3. Measurements of changes in concentration of consti-

tuents of digesta in in vitro and in vivo systems.



4, Placing solutions in emptied organs and measuring
changes 1n concentration of constituents or changes in ratios
with reference to an indigestible marker.

5. Use of radioactlive constituents and determination
of radloactivity decrease in the organ or activity increase
In the peripheral blood.

6. Constant infusion of radioactive material into
the systemlic system and measurement of decreased activity
after eating.

7. Killing of experimental subjects and sampling of
digesta in each section of the gastrointestilnal tract.

8. Cannulas placed at different sections of the gas-
trointestinal tract and measurement of concentration and
amount of constituents in digesta leaving the cannulated
organ and entering the next.

9. Use of pouches established in organs,

10. Use of arterlo-venous technilque.

11, Temporary isolation of organs of interest by
blocking passage of digesta or use of ligatures on anesthe-
tized animals.

These techniques have ylelded information with varying
dégrees of success. The results obtained by those who used
these techniques to study absorption and secretion in the
digestive tract of animals are discussed separately accord-

ing to the nutrient under investigatlon as follows.



Phosphorus (P)

Chandler and Cragle (26) used cerium 144 55 a marker
to study the net result of secretion and absorption of P in
the different sectilons of the gastrointestinal tract of
young calves. They found more P was secreted into the rumen
and omasum than absorbed. There was a net absorption of P
from the distal half of the small intestine to the posterior
colon.

Lofgreen et al. (83) injected radioactive P into the
Jugular veins of calves and found that the radioactivity was
higher in the contents of the rumen, omasum, abomasum and
JeJunum than that of the cecum, colon, and rectum, when the
blood level of radioactive P was maintained high by repeated
Injections during a short period of time. The small intes-
32

tine rapidly excreted P into the tract when calves were
injected only once and killed at intervals thereafter. The
concentration of the isotope increased much more slowly in
the rumen, omasum and abomasum. The authors interpreted the
rapld Increase of radioactivity in the small intestine as an
indication that this segment of the gastrointestinal tract
was important in the excretion of P. 1In an earlier experi-
ment, these same workers (3) fed P32 labeled caseln to young
calves. Tissue distribution of P3° was determined 24 hours
after feeding. The results showed that the rumen, omasum,
and especially the Jjejunum appeared to have high radio-
activity and that this was due to the high phosphate exchange

rates in these organs.



Smith et al. (119 and 120) used the same technique as
Lofgreen et al. (83) and found that 1in sheep P32 ywas rapldly
secreted into the rumen and omasum but very little into the
small Intestine. 1In mature cattle the main site of P32
secretion was in the rumen but 1n young calves (2 months of
age) the main site of secretion was the small intestine.

In calves that were fasted for 24 hours post injection the
specific activity of P32 increased in the abomasum and small
intestine. The 1ncrease in specific activity in these
organs 1ndicated that the secretion of endogenous P was con-
tinuous and that there was a slight or no dilution of the
radloactivity due to food P.

Scarisbrick and Ewer (112) introduced P32 into the
rumen of sheep and in ten minutes were able to detect radio-
activity in the ruminal vein, They also injected 2.8 g of
P as a solution of NaHpPOy and NapHPO4 into the rumen con-
tents and found an increase of ilnorganic P in the ruminal
vein from 6.2 mg % to 24 mg % and in the carotid from 5.8
mg % to 17 mg %. Under normal conditions (no extra P fed
except what was in the feed) the ruminal vein had on the
average 0.24 mg P more per 100 ml plasma than the plasma in
the carotid although the results were variable., Parthasarthy
(100) in contrast to Scarisbrick and Ewer (112) found no
evidence of net absorption of P in the rumen of sheep by the
arterio-venous difference technique. Parthasarathy found
that phosphate was absorbed from the omasum and small intes-

tine.



Calcium (Ca)

Smith (116) inserted cannulas into the duodenum and
ileum of different calves and used polyethylene glycol as
a marker. He found 86% of the Ca fed was absorbed by the
time it reached the end of the small intestine. Net ex-
change of Ca in the large intestine was negligible.
Chandler and Cragle (26) found a net secretion of Ca 1in the
rumen and abomasum and a net absorption in the remainder of
the gastrointestinal tract of calves. Injection of Ca45
intravenously in 21 cattle varying in age from 7 to 36
months revealed that Ca was secreted into all sections of
the gut but that the major secretion of Ca took place 1in
the small intestine (60).

Wallace et al. (143) found that the small intestine
of rats played a predominant role in the excretion of Ca
while the reaborption of Ca took place 1in the cecum and
colon. They demonstrated this by the determination of the
radioactive Ca present in the different sections of the
gastrointestinal trgct at perilods after intramuscular injec-
tion of Ca45. Their experimental technique and results were
comparable to those of Hansard et al. (60). Most in vitro
experiments can be interpreted to be in contradiction to the
findings of Wallace et al. (143). Schachter and Rosen (114)
were able to demonstrate active transport of Cau5, l.e.,
against a concentration gpradient from the mucosal surface

to the serosal surface of the small intestine of rabbit,



rat, and gulnea pig. Calcium was determined to be more ef-
ficlently transported at the duodenal end than at the 1ileal
end. Further work by Schachter et al, (113) and Kimberg et
al. (76) both showed that Ca was transferred from the medium
bathing the mucosa to the medium bathing the serosa all along
the small intestine of rats. The greatest rate of transfer
was at the proximal third followed by distal third and mid
third in a decreasing order. They found rats fed a low Ca
dilet had a greater transfer rate of Ca45.

In the study of mineral absorption and secretion,
factors such as pH, lonic concentration and rate of passage
are very Iimportant. Studies by Storry (124) have led him to
theorize that neutralization of digesta in the lower regilons
of the small intestine of sheep will result 1In an increased
proportion of Ca bound to suspended material of diletary and
bacterial origin, thus reducing the amount avallable for
absorption. This theory was supported by his findings
(Storry, 123) that pH values between 7.1 and 7.5 occurred in
the lower half of the small intestine of sheep fed hay and
concentrates and Harrison's (62) contention that Ca is
absorbed in the ionic form. Dobson and Phillipson (38) are
of the opinion that the electrical potentlal difference be-
tween rumen contents and plasma will tend to prevent the move-
ment of Ca from the rumen contents into the plasma 1f this
ion moved as a freely diffusing lon because the blood 1s 30

millivolts positive with respect to the rumen contents.



Marcus and Lengemann (88) found that rats fed a solid diet
had a slower movement of the dilet out of the stomach than
those fed é liquid diet. By plotting percentage absorption
of the Ca fed versus time after the rats were given the
dlets, they concluded from the curves that absorption from
a solid diet occurred at a slower rate than from a liquid
diet for the first 6 hours after feeding.

There 1s very little information on the interaction
of Ca and P with each other and with other ions., Crammer
and Haqq (31) found that changes in osmolarity or sodium con-
centration did not alter Ca absorption rate nor the maximum
absorptive capaclty of the small intestlne of dogs fitted
with Thiry-Vella fistulas. Lueker and Lofgreen (85) con-
ducted a trial to determine the effect of dietary Ca/P
ratios on the absorption of these elements by sheep. They
were able to demonstrate that the ratio 1:1, 3:1, or 6:1 had
no effect on the amount of Ca or P absorbed but that the
amount of absorption was related to the amount of each
mineral fed. The amount of metabolic fecal P increased as
P absorption increased and decreased when Ca absorption in-
creased. Metabolic fecal Ca was found to be independent of
Ca or P absorbed. In connection with thils, Vermeulen (142)
reported that rats fed large amounts of Ca had an increase
in urinary Ca excretion and a decrease in urinary phosphate
excretion. The reverse, when large amounts of P were fed.

In chicks, Wasserman and Kallfelz (152) found an increase
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in concentration of Ca within the lumen of the duodenum pro-
duced a greater Ca passage Into and out of the plasma so
that the efflux/influx ratio did not change with different
concentrations. This would mean that there would not be an
increase in the urinary Ca excretion which is in contrast

to those results obtained by Vermeulen (142) provided the

Ca excreted into the lumen was not reabsorbed in another

level or section of the gastrolntestinal tract.

Sodium and Potassium (Na and K)

Renkema et al. (105) alternated 2 heifers and a cow on
low and high Na dlets. During low Na periods, feces, fecal
Julce and urine were very low iIn Na concentration suggesting
that the gut and kidney reabsorbed endogenous Na. In these
low Na periods, K concentration in the feces was markedly
greater than during high Na periods. Thils increase 1in K con-
centration during a low Na intake suggests that K compensates
to maintain osmotic pressure in the fecal Julce. In a study
using gastrointestinal tracts of cattle obtained from
slaughter houses, Van Weerden (140) found that the chyme
from the upper small intestine was hypertonic and became
more hypotonic toward the large intestine. He concluded
that the hypertony in the small intestine was due to organlc
non-electrolytes while in the large intestine hypotony was
due to strong selective absorption of Na agalnst a concen-

tration gradlent.



11

Parthasarathy (100) previously mentioned, also found
that Na and K were absorbed not only from the cecum but also
from the small intestine of sheep. These two minerals were
also absorbed from the rumen where Na was absorbed acainst a
concentration gradient and K because of its high concentra-
tion. 1In contrast to this report, Parthasarathy and Phillip-
son (101) observed that Na and K were absorbed from the rumen
only when their concentrations were greater than that of the
blood. There was a secretion of these two minerals into the
rumen when the blood concentrations were greater than the
ruminal concentration. In support of Parthasarathy (100),
Dobson (37) found that Na was absorbed from rumen contents
agalnst a concentration and an electrical gradient into the
plasma.

Smith (116) inserted cannulas into the duodenum and
1leum of different calves and used polyethylene glycol as a
marker to measure the net result of digestion to the end of
the abomasum and to the end of the small intestine. There
was no net absorption of Na up to the end of the abomasum.
Mean net absorptionof Na was 40% at the end of the small in-
testine and almost complete at the large Intestine. Eighty
to ninety-five per cent of the K was @bsorbed at the end of
the small intestine. Later Smith (118) reported that in
calves the total number of equivalents of cations leaving
the 1leum was constant. The concentration of Na and K

leaving the 1ileum was found to be 150 milli-equlvalents per
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liter when the magnesiumconcentration was low but when the
magnesium concentration was increased, there was a linear
fall in the Na and K concentrations (118).

Care and Ross (25) used sheep to study the effects of
deoxycorticosterone acetate on magnesium homeostasis. Intra-
muscular injection of this hormone caused a greater retention

of water and Na and a reduction in the positive balance of K.

Chloride (C17)

Smith (116) reported that there was no net absorption
of C1~ up to the end of the abomasum based on Cl~ intake and
Cl~ that came through the abomasum. Eighty to ninety-five
per cent of the dietary Cl~ was absorbed at the end of the
small intestine. 1In dogs, Annegers (2) noted that C1-
secreted into the Jjejunum was more than that secreted into
the 1leum whlle the reverse was true for absorption.

Dobson and Phillipson (38) found that Cl~ was absorbed
from the rumen against a concentration gradient because of
the electrical potential difference between the rumen con-
tents and the plasma. Parthasarathy and Phillipson (101)
partially substantlated this when they found that Cl~ was
absorbed against a concentration gradilent provided the con-
centration in the rumen was 135 mg per ml or over, When less,
Cl™ moves into the rumen from the blood.

The state of an electrical potentlal 1s dependent on
the activity of the gastrointestinal tract at the time of

measurement. Tidball (132) injected Bethanechol (a
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parasympathetic agent that stimulates the gastrointestinal
tract) in dogs and found that this drug caused secretion in
the small intestine. During this process the lumen was
electrically negative with respect to the serosal surface.
During absorption the mucosal surface was either slightly
negative with respect to the serosa or there was no differ-

ence between the two sections.

Magnesium (Mg)

Smith (117) using calves found that net Mg absorption
was positively correlated with transit time of digesta
through the small intestine. On the average, there was an
increase of 8.5% of the Mg intake absorbed per hour of extra
transit time. Care and Ross (24) found a decrease in plasma
Mg concentration when sheep were started on young grass.
These authors postulated that this might be due to a reduced
permeabllity of the intestinal wall to Mg or that the concen-
tration of Mg within the lumen was diminished. Also one
might postulate that the increased rate of passage of the
young grass through the gastrointestinal tract caused a de-
crease in absorption of Mg.

Magneslium absorption into the tissue of the gulnea pig
small intestine was found to be influenced by aldosterone.
Ross and Care (110) found that the uptake of Mg by the guinea
plg small intestine was decreased by the inclusion of aldo-

sterone in the medium bathing the tissue. In an earlier
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paper studies by Ross (109 ) have led to the conclusion that
in rats Mg moved from the mucosal surface to the serosal
surface 1in the small intestine, although the rate was greater
In the 1leum than in the lower Jjejunum. In a later study,
Care and Ross (25) found that deoxycorticosterone acetate
caused a reduction in the intestinal absorption and positive
balance of Mg. Deoxycorticosterone acetate did not affect

the Mg excretion in the urine.

Volatile fatty acids (VFA)

By taking rumen samples at intervals after feeding
and measuring the decrease 1n concentration of the VFA
Emery et al. (43) estimated that the VFA supplied from 3 to
13% of the cow's (total ?) energy. Conrad et al. (30)
estimated rate of blood flow from the gastrosplenic veln
with tagged red blood cells. From the knowledge of the
amount of blood leaving the forestomachs and the concentra-
tion of acetlc and propionic acids, they calculated that
calves absorbed 63 and 25 g of acetic and propionic acids
respectively per 24 hours from one 1lb of feed containing
two parts alfalfa hay and one part concentrates. These two
acids made up 29% of the total calories in the digested
organic matter of the feed. Using data obtalned from the
welght of the rumen contents at various time Intervals after
feeding and the rate of in vitro production of VFA Stewart
et al. (122) were able to show data comparable to that of
Conrad et al. (30). Stewart et al. (122) fed alfalfa hay
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and concentrates to steers welighing about 1500 1lb and esti-
mated that 108 g valeric, 518 g butyric, 559 g propionic,
and 1743 g acetic acid were produced and that the VFA
equaled 36-42% of the digested calories. The energy equiv-
alent of the VFA was 63% of the energy for malntenance,
Sutherland et al. (87) used technlques comparable to those

of Stewart et al. (122) and found that VFA supplied 76% of
the energy requirement for maintenance of sheep fed finely
ground pelleted diets. Davis et al. (35) maintailned a con-
stant radioactivity in the blood of a 160 kg steer by
Infusion of radloactive acetate and measured the decrease

In specific activity due to absorption of acetic acid after
the steer was f@d hay and concentrates. They calculated that
67 g of acetic acid were added to the blood acetate pool per
hour. Presumably, a great part of the added acetate came
from the gastrointestinal tract during fermentation. Badawy
et al. (7) previously stated that in sheep, the omasum
absorbed 18 g of VFA {(as acetic acid) per day while the
abomasum absorbed 4 g per day.

Gray et al. (56), Conrad et al. (29), and Johnson et
al. (69) used comparable technigues to study absorption of
VFA. Gray et al. (56) killed sheep at different times after
feeding wheaten hay and found by the use of the lignin ratio
technique that 40-69% of the VFA in the digesta of the rumen
was absorbed in the omasum. Johnson et al. (69) used 4-5

months 0ld calves and demonstrated wlth chromic oxide as an
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indigestible marker that 51% of the VFA in the reticulum
disappeared in the omasum and 83% of that in the omasum dis-
appeared in the abomasum. They also used radioactive
butyrate injected into the omasum and were able to detect
radloactivity in the blood from the omasal vein. The
average concentration of VFA in the omasal veln was greater
than that in the carotid artery. Conrad et al. (29) demon-
strated that the digesta in the abomasum had only 1 to 2%
of the VFA concentration in the rumen using ©£-15 months old
calves that were fed two parts alfalfa hay and one part concen-
trate. A very strong but indirect evidence that VFA were
absorbed prior to the digesta reaching the abomasum.
Barcroft et al. (11) and Flatt et al. (46) both placed
solutions containing VFA into clean empty rumina and estil-
mated the disappearance therefrom. Barcroft et al. (11)
estimated that 1-5 g of VFA as acetic acid were absorbed
per hour from the sheep's rumen and concluded that the rate
of absorption for sodium salts of acetic, proplonic and
butyric acids was 1n the order of acetateppropionate>
butyrate. The smaller the molecular weight of the
acid, the faster was its disappearance from the rumen (11).
Flatt et al. (46) used equimolar solutions of acetic, prop-
ionic, and butyric acids with pH adjusted to 6.2. The rumen
of calves absorbed 2.66, 2.26, and 1.69 g of butyric, prop-
lonic and acetic acids respectlvely per hour but when absorp-

tion was expressed on a molar basls the rate was almost equal
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for the three acids (46). Studies by Brown et al. (22)
with perfusion of goat rumina led them to conclude that the
absorption rate of VFA paralleled the respective concentra-
tions of acids in the rumen. The proportions of VFA in the
rumen digesta were the same as that in the perfusate leaving
the organ (22). Tsuda (137) found a difference in the
absorption rate for VFA depending on whether salts or free
acilds were used. The rate of absorption was fastest for
acetate followed by butryate then propionate when the aclds
were In the form of salts but the rates were equal when in
the form of free acids (137).

In contrast to Barcroft et al. (11), results obtained
by Gray (52) showed that the proportion of the weights of
sodium salts of acetic, propionic and butyric acids did not
change after the solution had been placed in the rumen of
sheep for 6 hours. Proplonic acid disappearance was increased
by feeding lucerne hay immedlately after the introduction of
a VFA solution into an empty rumen. The solution contalned
75.9% acetic, 14.6% proplonic and 9.5% butyric acid by weight.
In another experiment, Gray and Pilgrim (55) confirmed that
the rate of absorption was propionic>butyric>acetic when sheep
were fed wheaten hay and proplonic>acetic>butyric when the
sheep were fed lucerne hay. This conclusion was based on
indirect evidence from an examination of concentration and
ratios of VFA obtained from rumen digesta at intervals after

feeding. The rate of VFA production besides absorption can
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also influence the concentration and ratios of the VFA and
should be considered in order to form a valid conclusion.
Rhodes and Woods (106) presented data which may be inter-
" preted to be in support of that obtained by Gray (52).
Lambs fed different physical forms of a dlet had wider
acetate/proplonate ratios in rumen digesta with increasing
length of time after feeding (106).

When a solution of organlic aclds is placed 1in empty
organs, the pH of the solution has to be well deflned if
comparlisons were to be made among experiments. The pH of
the solutions used was not mentioned by the authors in many
of the articles discussed above. Danlelll et al. (33) re-
ported thatat pH 7.5 only lonlzed fatty acids were absorbed
while at pH 5.8 both lonized fatty acids and non-ionized
aclds were absorbed through the rumen wall of sheep. The
order of absorption at alkaline pH was acetatespropionates
butyrate while at an acld pH the order was butyrate>prop-
ionate>acetate. Contrary to thls report Gray (54) found
that 1little or no absorption of VFA occurred when an alkallne
solution of VFA was placed in the rumen. However, when the
pH was acidic the rate of absorption of VFA was comparable
to that obtained by Daniellil et al. (33). A closer examlna-
tion of the results obtalned by Danielll et al. revealed that
at alkaline pH the disappearance of VFA from the rumen was
varlable and the indirect measurement of the amount of VFA

in the rumen could cause considerable error. Masson and
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Phillipson (89) added acetic acid to rumen liquor and placed
the mixture in an empty rumen and found absorption of acetic
acld when the solutlion was either acild or alkaline, although
the absorption rate was two times faster for the acidic solu-
tion. They (89) also confirmed that the absorption of acetic
acid was proportional to its concentration in the rumen. The
concentration of acids in the blood leaving the rumen was
aceticr>propionic>butryic when equimolar solutions of the
aclds were introduced into the empty rumen (89). Kiddle et
al, (75) reported proportionately more acetic acid and less
butyric were in the blood leaving the rumen than in the rumen
contents. Similar findings were reported by Annison et al.
(4) when they compared VFA concentrations in the portal vein
blood and the rumen contents.

Studies of the absorption and concentrations of VFA in
sections of the lower gastrolntestinal tract have not been as
thorough as those on the rumen. Ward et al. (144) reported
that quantitatively the cecum or the colon had as great or
greater concentrations of VFA than the rumen. Earller, Elsden
et al. (42) had determined the concentration and total amount
of VFA in different sections of the gastrolntestinal tract of
the ox, sheep, and horse, and found that 10-14% of the total
VFA was in the lower gastrointestinal tract. McAnally and
Phillipson (91) found low concentrations of VFA in blood
draining the abomasum and small intestine while that draining

the rumen and cecum was very high. All these findings
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indicate that high concentrations of VFA are found in the
cecum and large intestine of animals. These conclusions

are in close agreement with those reported by Boyne et al.
(20) who expressed the total VFA concentration in each gut
section as a per cent of that found in the rumen of the sheep.
Values for omasum, abomasum, small intestine, cecum, and
colon were 67, 6, 22, 87, and 86% respectively. By the time
the digesta reached the abomasum the VFA had almost complete-
ly disappeared and the concentratlion in the cecum and colon
approached that of the rumen. The absorption of VFA from

the gut was also establlished early by Schambye and Phillip-
son (115) when they found a greater concentration of VFA in
the portal blood than in the carotid blood. Annison (3) in
an attempt to find other organic acids in the rumen digesta
came to the conclusion that acids having a carbon chain
greater than six are not normally present; however, 2-methyl-
butyric acld was found when sheep were fed a diet rich in
casein. Also isobutyric and isovaleric were present in the
rumen when sheep were fed various dlets. The sources of the
branched-chain organic aclids were probably amino acids.
Phillipson (103) found an abnormally large quantity of lactic
acld and a decrease of the acetic to propionic ratio in the
ruminal digesta of sheep fed a flaked malze dlet. The above
references indicate that VFA were absorbed from the rumen and
other organs of the gut but on the other hand, lactlc acld

was probably metabolized before having a chance to be absorbed.
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According to Phillipson (102) sheep fed certain roughages
and concentrates temporarily accumulated lactic acid in the
rumen for 3-4 hours after eating. This was confirmed in a
subsequent experiment by Phillipson and McAnally (104) who
introduced sodium lactate into the rumen of sheep and found
that 1t disappeared in 2-4 1/2 hours. To substantiate this,
they found that lactate was converted to VFA in an in vitro
fermentation and also that the concentration of lactic acid
in the abomasum was greater than that of the rumen. Ward et
al. (144) made similar findings. Lactic acid was found in
substantial amount in all sections of the gut of Hereford

steers except the rumen (144).

Water (H20)

The quantitative measurement of HQO absorption and
secretion along the gastrointestinal tract has been rela-
tively easler, because HpoO determination in samples does
not require complicated chemical procedures and yet there
are very few reports that have measured HpoO balance through-
out the gastrointestinal tract.

Ridges and Singleton (107) established cannulas 2
Inches below the pylorus of goats and measured the rate of
digesta flow. Thelr results showed that 12-15 liters of
fluld were added per day into the forestomachs. Hogan and
Phillipson (65) estimated that the HpoO secreted into the
forestomachs of sheep was three liters per 12 hours which

is about half the volume estimated by Ridges and Singleton
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for goats. Hogan and Phillipson also found that between
the duodenum and the terminal 1leum there was a decrease
of HpO flow from 4300 ml to 2400 ml per 12 hours or a net
absorptlon of four liters per day. The large intestine
absorbed most of the HoO out of the digesta from the term-
inal 1leum (65).

Another organ that absorbs HpoO 1s the omasum. Gray
et al. (56) found that 35-64% of the HpO in the digesta of
the rumen was absorbed in the omasum of sheep while Badawy
et al. (6, 7, and 8) reported this value as 48-55%. Badawy
et al. also reported that the increase in water content in

the abomasum was 123-197% over that in the omasum.

Major Nutrients

The extent of digestibllity of the proximate constl-
tuents of feeds along the gastrolntestinal tract of rumin-
ants has not been thoroughly investligated and the maJjor
portion of the published articles are by sclentists from
the British Kingdom.

Hale et al. (57, 58, and 59) in a serles of experiments
used fistulated cows to determine partial digestion of rough-
ages in the rumen by the use of the lignin ratio technlque.
When 10, 20, or 30 1lb of hay were fed, the digestibility of
dry matter in the rumen was 46.7, 48,7, and 45.7% while total
dry matter digestibility from a total collection trial was
46.9, 55.8,and 56.3% respectively. Thus the rumen accounted
for 99.5, 87.3, and 84.4% of the total dry matter digested
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in the case of 10, 20, and 30 1b of hay intake, respectively.
Also a mean of 66% of the total crude fiber digested was
accounted for by the rumen. Perlodic emptying of the rumen
and sampling of the contents 1indicated that the soluble
portions of the dlet were rapldly digested during the first
6 hours after feeding and that the greatest proportion of
digestion of cellulose took place during the second 6 hours,
when cows were fed mainly beet pulp and alfalfa hay (58 and
59). A celling for digestion of dry matter in the rumen

was reached after the twelfth hour. Disappearance from the
rumen accounted for the following per cent of the feed: dry
matter 48%, protein 60%, nitrogen-free extract 65%, crude
fiber 27%, cellulose 43%, and carbohydrates 83%. In this
connection Weller et al. (154) using the lignin ratio tech-
nique concluded that digesta reaching the omasum was '"well
digested" which agreed with the conclusion of Hale et al.
(58 and 59). In an earlier experiment, Weller and Gray (153)
estimated the disappearance of starch in the reticulo-rumen
and omasum of sheep by measuring the amount passing the
abomasum of sheep. When 148 g of starch were fed only 5%

of that fed passed the abomasum, but when 20-40 g were fed
10% passed the abomasum (153). The importance of the rumen
in dlgestion processes was agaln stressed by Gray (53) who
found that the rumen digested 70% of the cellulose fed while
the cecum and colon digested the remainder based on the

lignin ratio technique.
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Balch (9) obtained results comparable to those of Hale
et al. (58 and 59) by sampling near the reticulo-omasal
orifice at frequent intervals and found that 26-62% of the
digestion of dry matter fed was done in the rumen and 12-

34% in the hind gut. McGilliard (93) found the disappearance
of dry matter in the hind gut of cattle to be 25-U48% of the
amount fed. Campling et al. (23) in a study to evaluate the
factors affecting voluntary intake used similarly obtained
samples (9) and the lignin ratio technique to show that the
reticulo-rumen accounted for 65% and 59% of the total digest-
ible crude fiber in grass hay and straw respectively. 1In
both hay and straw-fed cows there was a negatlive digestibility
of crude protein in the rumen.

Ridges and Singleton (107) calculated that 85-100% of the
crude fiber and 11% of the nitrogen fed were lost in the fore-
stomachs based on the rate of flow determined by cannulas
established 2 inches below the pylorus of goats. The goats
were fed hay and concentrates.

Earlier, Kameoka and Morimoto (71) used the same tech-
nigques as Ridges and Singleton (107) but the cannulas were
placed between the omasum and abomasum in 3 goats welghing
21 to 30 kg each. The goats were fed hay and different con-
centrates. The stomachs excluding the abomasum digested 93
to 105% of the crude fiber, 66 to 97% of the nitrogen-free
extract, and 72 to 85% of the organic matter when expressed as
a percentage of the total digestion calculated from total

digestion trials.
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Hogan and Phillipson (65) established re-entrant
cannulas at the duodenum and 1ileum of different sheep and
found that 70% of the dry matter and 36% of the nitrogen
fed 1In the form of hay and concentrates disappeared in the
four stomachs and the remainder 1n the small intestine.

The large 1intestine apparently did not further absorb the
dry matter and nitrogen coming from the small intestine.

Harris and Phillipson (61) fed chopped hay to sheep
fitted with cannulas immedlately posterior to the abomasum.
In this trial 50% of the consumed organic matter disappeared
in the forestomachs and more nitrogen and ash left the
abomasum than were given in the food. These results are in
contrast to those obtained earlier at the same station by
Hogan and Phillipson (65) but are in close agreement with
those obtained by McGilliard (93) who found that 23-55% of
the dry matter fed disappeared in the forestomachs and that
more ether extractable material, ash and nitrogen left the
abomasum than were fed.

Three sheep fed three different diets were killed 16
hours after their last feeding by Rogerson (108). Soluble
ash expressed as a per cent of the dry matter 1in respectilve
sections of the gut indicated that in 2 out of 3 cases the
concentration was higher in the omasum and abomasum than
in the feed which suggests that these two organs secrete
more than they absorb.

Badawy et al. (6, 7, and 8) published a series of

three articles on experiments involving sheep killed four



26

hours after a feeding of concentrates and hay. Total
nitrogen expressed as a ratio to lignin was the same in
the rumen and omasum; a sharp rise of the ratio was noted
for the proximal half of the small intestine followed by
a sharp decrease 1n the lower small intestine and cecum.
There was no further change in the colon. Ash content
was higher in the abomasum than the omasum suggesting
absorption of minerals in the omasum and/or secretion of
large amount of minerals in the abomasum.

Boyne et al. (20) found that the rumen of sheep con-
tained 75% of the total dry matter in the whole tract
immediately after a meal but contained only 60% 12 hours
after feeding. These values are close to those reported
for sheep killed after a 16-hour fast by Rogerson (108)
and Badawy et al. (7) previously cited. Rogerson (108)
found that the rumen and reticulum contained 58, 60, and
73% of the dry matter in the whole gastrointestinal tract
when the sheep were fed all grass hay, grass hay plus

casava meal and all corn grain diets respectively.

Summary

Quantitation of absorption and secretion in sections
of the gastrointestinal tract of animals is more difficult
than quantitation of total digestion. New methods are con-
stantly being devised to estimate digestion 1n the various
sections of the gastrointestinal tract of ruminant which
may indicate that nutritionists are not satisfied with the

methods used 1iIn the past.
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Both influx and efflux of calcium, phosphorus, sodium,
and potassium appear to occur throughout the gastrointestinal
tract of animals. Apparently absorption must be greater
than secretion in some sections of the tract 1f the animals
were to grow normally. More phosphorus and calcium are
secreted into the rumen than absorbed while the reverse
is true for potassium, sodium, and chloride. Sodium and
chloride have been found to be absorbed from the rumen
against a concentration gradient of the blood.

In general, very little 1s known concerning the func-
tion of the omasum in regulating mineral balance. Radlo-
activity has been detected in the omasal digesta when either
radloactlve phosphorus or calclum was injected intravenously.

Cannulas establlished a few inches posterlor to the
abomasum showed that there was no net absorption of sodium
or chloride compared to that ingested but there was a net
absorption of phosphorus and calclium as estimated by marker
ratio technique.

The rate of transfer in and out of the proximal sec-
tions 1s faster than the distal sectlions of the small
intestine for chloride, magnesium, and calcium. In young
cattle the main site of endogenous source of calcium and
phosphorus seems to be the small intestine as interpreted
from results obtained by tracer and marker ratio techniques.

Phosphorus, calcium, sodium, and potasium are absorbed

more than secreted by the large intestine.
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Several factors have been implicated to influence the
rate of absorption and secretion of minerals 1n various
sections of the gastrointestinal tract and should be consid-
ered 1n future experimentations., These factors are pH,
ionic strength, possible interactions among minerals and
rate of passage of the digesta and electrical gradlent in
the blood and digesta.

The productlon and absorption of volatile fatty acids i1n
the rumen have been known for a long time. From 40 to 70% of
the volatlle fatty acids 1n the rumlinal digesta are absorbed
in the omasum. Further absorption occurs in the abomasum so
that digesta 1in thils organ and in the small intestine con-
tain only asmall quantity of volatile fatty acids. The con-
centration of volatile fatty acids in the large Iintestine
1s at least as high as that in the rumen. Ten to fourtegn
per cent of the total volatile fatty aclds has been found
in the lower tract.

In goats and sheep 6-15 liters of water have been
reported to be added into the forestomachs. A great portion
of the sepreted water 1s reabsorbed in the small intestine.
Further absorption of water occurs in the large intestine.
Another organ that has been found to absorb water 1is the
omasum. The omasum absorbs 35-64% of water from the ruminal
digésta.

In general, the rumen can account for 70-100% of the

dry matter digested or from 23 to 62% of the dry matter fed.
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For crude fiber, the rumen can account for 59-65% of that
digested. Posterlior to the forestomachs, values for dry

matter digestion ranged from 12 to 48% of that fed.

Characteristics of the Alimentary Tract

The study of the develcpment of the visceral organs
is not only an interesting fleld by itself but is also very
important in the economics cof animal production. In the
dairy industry considerable amount of our present work 1is
directed toward the study of the ruminant stomach--its
volume, weight of tissue and other physical and microscoplc
characteristics. An important item in this respect 1s the
dressing percentage which is usually less with dairy than
with beef animals. The study of the development of the
alimentary tract and dressing percentage of dairy animals
assumes economic 1mportance since an increasing number of
dairy animals are being raised or sold for beef. The effects
of dlets on the physical characteristics of the forestomachs
have been extensively studied (47, 49, 111, 150, 151, and 155).

Warner et al. (150 and 151) in two different experi-
ments killed calves at varicus ages under several feeding
regimes. Results obtained indicated that the rumen volume
measured under a certain set of conditions was greatest for
calves fed hay but the air dry rumen tissue did not differ
significantly between calves fed a calf starter or hay. The

tissue welght and the volume of the rumen were least for

calves maintained on milk alone. Wing and Ammerman (155)
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arrilved at the same conclusion when calves were fed for
long periods of time on milk and mineral supplements. They
found that calves fed milk and minerals did not have normal
papilla in thelr rumen when slaughtered at 9-11 months of age.
These observations have both been confirmed and dis-
proved in other ways by the same group of workers as well as
others. Flatt et al. (47) introduced purified materials
Into the rumen by way of an established fistula and concluded
that the most important stimulus for the papilla development
of the rumen was the end products of fermentation rather than
the presence of coarse material. Sander et al. (111) placed
acetlic, propionic and butyric acids, sodium chloride, or
glucose 1in the rumen of young calves and found that only
propionic and butyric acids caused marked papillary develop-
ment in the rumen. Tamate et al. (127) introduced butyric
acid by means of stomach tube to milk-fed calves and observed
increased papillary development over those fed milk only
which 1is 1in agreement to the data reported by Sander et al.
(111). Gilliland et al. (49) showed that a calf starter con-
taining 10% by weight of a VFA mixtures did not influence
rumen development when the criteria used were welght of
stomach compartments and percentage of ruminal mucosa. Filve
out of eight calves fed the starter contalning VFA had rum-
inal parakeratosis as compared to one out of elght calves
receiving the same starter but without added VFA (49).
Wardrop's publications (146 and 147) on the normal

histological changes of the forestomach tilssues of lambs at
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different ages demonstrated that the histological structures
of the rumen papilla of milk fed lambs were normal but less
developed than those lambs fed lucerne chafe.

Lambs killed by Wardrop and Combe (148) at intervals
of 2 weeks from birth until they were 16 weeks old and
pastured on rye grass plus subterranean clover had 4.8, 6.5,
and 6.3% of their live welght as empty gastrointestinal
tract at 0, 3, 8, and 16 weeks of age respectively. Wardrop
and Combe (149) found that the weight and volume of the
contents of the forestomachs of the lambs Just mentioned in-
creased with age of the lambs. The welght of the rumen con-
tents as a percentage of the live welght increased for the
first 8 weeks and then remained constant at 6.8% while
abomasal contents remained relatively constant with age.

The ratios obtained by dividing the volume of the rumen
contents by the volume of the abomasal contents 1ncreased
from less than 1.0 at O weeks of age up to 8.8 at 8 weeks
of age. A closer examination of their data revealed that
the ratio from 8 weeks on was not a constant.

Godfrey (50 and 51) did exactly the same type of ex-
periments using calves instead of lambs and reported results
that were in close agreement with those of Wardrop and Combe
(147 and 148). Furthermore, a much earlier paper by Kesler
et al., (74) reported that correlations were highly signifi-
cant between body weight and welght of rumen tissue or

welght of rumen contents and between body welght galn and



32

weight of rumen contents.

Palsson and Vergés (99) using lambs from different
planes of nutrition at a predetermined body welght found a
greater dressing percentage for those lambs on the low
plane of nutrition and least for those on the high plane of
nutrition. Also, Wardrop (145) concluded that the growth
rates of the forestomachs of lambs were influenced both by
planes of nutrition and types of dlet. Blaxter et al. (16)
found that the omasum of a calf fed milk anpd hay was 10.8

times greater in volume compared to another fed only milk.

Phosphorus Requirement of Calves

A considerable amount of effort has been spent to deter-
mine the phosphorus requirement of farm animals but the calf
from birth to 6 months old has received little attention.

Lofgreen et al. (81) found with the use of two very
young calves that the endogenous fecal P was 4.3 and 4.2 mg
per kg of body weight. A calf weighing 100 1b would, there-
fore, need only approximately 0.2 g P per day for malntenance
which 1s a very low requirement value. The Natlonal Research
Council, 1958 (98) considers six g of P daily for a 100 1b
calf as the total requirement for normal growth plus mainten-
ance and a margin of safety.

Tillman et al. (136) fed P at the levels of 1.5, 2.0,
and 2.5 g per 100 1lb body weight dally regardless of the
amount of feed consumed by Hereford steers averaging 350 1b

live welght. When response criteria were welght gains, feed
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consumption, efficiency of feed utllization, percentage
digestibility of P or percentage net retention of P, then
2,0 g P per 100 1b body weight did not meet the P require-
ment of these animals but 2 g were enough when the response
criteria were autoradiographs of bone or plasma inorganic P
level.

Wise et al. (157) used calves welghing between 200 and
275 1b and ages between 12 and 18 weeks and found that the
minimum requirement was 0.22% of the ailr-dried ration. The
criteria used were performance of the calves plus blood and
bone data. Mitchell (94) calculated that 150 1b Holstein
heifers required 0.52% P (dry matter basis) in their diet for
maintenance, growth, activity, and mineral utilization.
These values are much higher than those obtalned by other
investigators reported in this review. Archibald and Bennett
(5) reported that 6-month old heifers gained equally well
on rations containing 0.18 or 0.31% P. In contrast Jones et
al. (70) using 8-month old heifers found that increasing
the amount of P in the rations from 0.26 to 0.36% increased
the growth rate of the heifers. According to Huffman et al.
(67) heifers fed a 0.20% P diet had lower body welght gain
and feed consumption when compared to another group of
heifers fed a 0.4% P diet from 3 months until 8 months of
age. The respective average amounts of P consumed from the
two dlets were 7.9 and 15.3 g per animal dally. Theller et

al. (129) reported that 3-6 months were required to produce
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symptoms of deficlency when 12-18 months old cattle were
fed 2.23 g of P dally. When comparable animals were fed 5
g P dally the welght gain was improved over those fed only
2.23 g daily. 1Increasing to 13 g daily further increased
welght gain. Van Landingham et al. (138) reported that
normal blood P level and body welght galns were malintained
when the P consumption of heifers increased from 8.7 to
13.1 g per animal per day from one to 24 months of age.
Calculated on a unit of body welght the P consumption was
3.1 to 1.1 g per 100 1b of 1live body welght over the same
period of time.

As can be seen In the discusslions above estimates
of P requirement for young calves have been few and
contradictory. The lack of agreement among estimates for P
requirement 1is not surprising because of the complexity in-
volved in the measurements. Some of the majJor factors
which may cause disagreement in estimates for P requirement

are as follows:

Response Criteria

Some of the response criteria used by various investi-
gators to study P requirement have been:
A. Animal performance: (1) feed intake; (2) efficlency
of feed utilization; (3) body weight gain; and
(4) height at withers.
B. Bone characteristics: (1) ash, P and Ca content

of bones; (2) bone growth as measured by
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autoradlographs and epiphyseal cartilage width;
(c) breaking strength of bone; and (4) density
of bone.

C. Blood studies: (1) serum inorganic P concentra-

tion; and (2) serum alkaline phosphatase activity,

D. Balance studies: (1) apparent total digestibility

and (2) percentage net P retention.

The sensitivity of detecting changes in the various
criteria used to evaluate the P status of the animals often
depends on the length of the experimental period. Serum in-
organic P and bone growth as measured by autoradiographs are
two criterila that exhibited changes earlier than ash and P
content of bone according to Wise et al. (158).

Tillman et al. (136) concluded that the amount of P
required for maximum weight gain and feed intake was greater
than for bone growth or maintenance of plasma inorganic P
level. In thils case, and many other similar reports the
criteria used to determine requirement have been important.
Wise et al. (157) found that the measurements of height at
withers, weight of entire ninth rib, and per cent of P in
rib (costal ends of ribs) were insensitive to changes of P-
level 1In the diets of calves. Combs (27) found that femor
bone ash (entire femor?) was the most precise criterion for
evaluating dietary P status in pigs while P content of bone
ash and ash or P content in soft cartilaginous tissue from
tall and ear were relatively insensitive to P levels 1n the

dlets.
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Availability of Phosphorus (P)

One of the most important reasons for the lack of
agreement among the estimates made by various workers for
the P requirement for cattle can probably be directly attri-
buted to the different bilological availlabilities of the
sources of P used.

Lofgreen (80) found that the true digestibility of
dicalcium phosphate, bone meal, soft phosphate, and calcium
phytate was 50, 46, 14, and 33% respectively. Wise et al.
(158) reported that dicalcium phosphate was slightly more
utilizable than defluorinated rock phosphate or Curacao
Island phosphate while soft phosphate or colloidal clay
phosphate was very poorly utilized by calves.

Tillman and Brethour (135) compared the availability
of phytin phosphate and monocalcium phosphate. They found
that sheep utlilized the P from both sources to the same
degree. In another report Tillman and Brethour (134)
found that the avallablility of P from phosphoric acld was
of the same order of magnitude as that of dicalcium phos-

phate.

Calcium: Phosphorus Ratlilo

Although the influence of dietary Ca/P ratios on the
estimates of P requirement is not as important as the other
two factors already mentioned the ratio nevertheless should
be considered 1n experiments involving P utilization and/or

requilrement.
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Wise et al. (156) used calcium carbonate, defluorinated
rock phosphate and dibasic sodium phosphate to adjust the Ca/P
ratios from 0.4:1 to 14.3:1 and found that the performance of
Hereford calves was influenced by dietary Ca/P ratio. The
average total welght galin and feed efficlency were markedly
decreased with Ca/P ratios lower than 1:1. Ratios between
1:1 and 7:1 gave similar and satisfactory results. Ratilos
above 7:1 were adverse but not as bad as when the ratios were
lower than 1:1. Gallup and Briggs (48) found that Ca/P
ratios from 0.7:1 to 5.6:1 were not important in affecting P
balances but that the total amount of P expressed as grams
supplied dally per 100 1b live welght was the maln factor in

determining the P balance 1in sheep.

Appetite of Calves

The author will not review the subject of appetite in
its entirety. The different theories concerning appetite
were covered in detail recently by Veltman (141) and reviews
by Anand (1), Balch and Campling (10) and Mikela (86). The
subjJect has many facets and theoriles but in thils case only the
P content of the diet as related to appetite will be discussed.

According to Eckles et al. (40), Huffman (66), Huffman
et al. (67), van Landingham et al. (138), Theller et al. (128)
and Becker et al. (14) cattle fed rations deficient in P may
develop anorexlia and depraved appetite, 1l.e., the eating of
wood, bone, hair, etc. Maynard and Loosli (90) in their text-

book show a calf chewing wood because of P deflclency.

Kleiber et al. (77) reported that P deficiency resulted in a
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severe emaciation of the animals. The loss in weight was

attributed mainly to a loss 1n appetite and thus less food
consumption, Eckles et al. (41) and Malan et al. (87) re-
ported similar findings. Crampton et al. (32) found that

the voluntary intake of forages by animals was related to

the forage content of P.

Wise et al. (157) in two experiments found that as P
levels 1n the dlets increased the consumption of the diets
also increased. In the first experiment calves consumed
0.9 and 1.2 1b per day more during a six week period when
the rations contained 0.18 and 0.30% P respectively than
when the rations contained only 0.09 or 0.12%. In a second
trial, the average feed intake of calves fed 0.22, 0.30, and
0.38% of P was very similar but 0.6 1b per day more than
those fed a 0.14% P ration during a six week period. Till-
man et al. (136) found that steers fed 1.5, 2.0, and 2.5 g
of P dally per 100 1lb Dbody welight consumed different amounts
of feed 1n a cycllic pattern. When the P intake was calculated
as a percentage of the rations the 3 levels were 0.14, 0.17,
and 0.20% and the feed consumption cycles were respectively
10-12, 8-9, and 6-7 days 1n duration. The cycles were des-
cribed (133) as a series of arcs Joined end to end with the
series ascending as the éattle increased in body welight when
feed intake was graphed on the ordinate and P intake per unit
body weight on the abscisa welght. Within each cycle or arc

of the series the feed consumption increased at first and then
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plateaued. Each cycle lasted a certain length of time de-
pending on the amount of P fed. The greater the level of P
in the food the shorter the length of each cycle indicating
that feed consumption was directly related to the amount of
P fed. Another earlier experiment completed by Long et al.
(84) showed that feed intake increased linearly with in-
creased amounts of supplemental P in the ratlon over the
range 0.07, 0.11, and 0.15% of total P. No further increase
in feed consumption was observed when the total P in the
ration was 0.19%.

Data on the effect of dietary P on the appetite of
laboratory animals are completely lacking; a recent experi-
ment by Jenkins and Phillips (68) showed that food consump-
tion decreased within 2-3 and 4-8 days in dogs following the

feeding of diets containing 0.17 and 0.23% P respectively.

Summary

The amount of feed consumed by farm animals has been
found to be related to the phosphorus content of the diet
when the phosphorus content was 0.19% or less. However, when
diets containing 0.20% or more phosphorus @ere consumed, the
feed intake did not vary appreciably. Prolonged phosphorus
deficlency has been repeatedly reported to cause depraved
appetite in animals,

Specific information on the phosphorus requirements
for calves between birth and six months of age was not avall-

able., In general dlets containing 0.2 to 0.3% phosphorus
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were inadequate while those containing 0.3% or more were

adequate for normal body welight gain of young dalry animals,



CHAPTER III

EXPERIMENTAL PROCEDURES

General Plan

In two separate trlals, rations contalning large and
small amounts of flber were fed to male Holstein calves
from 3 days of age to about 13 weeks of age. In Trial I,
6 and 5 calves were fed the rations containing the small
and large amounts of fiber respectively. Tables 1 and 2
show respectively, the ingredients and chemical composition
of the two ratlions. 1In addition to this ration treatment
the calves 1n each ration were divided 1into three groups
and an attempt was made to feed 1.8, 2.3, or 3.0 g of phos-
phorus per 100 1lb of live body weight per day respectively,
starting on the 5th and continuing to the 13th week of the
experiment. The quantity of P needed was supplied in the
form of CaHPOu and given by means of capsules and a bolling
gun whenever the amount was not met by the ration. In an
attempt to equalize the Ca/P ratio at the 3 levels of P
feeding, sufficlent CaCO3 was added to the capsules so that
the ratio was near 2.77: 1.0. The amounts of P and Ca sup-
plied via capsules were increased according to weekly body
welghts and decreased by the amounts of P and Ca supplied in

the rations consumed by the calves the previous week.

41
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TABLE 1.--The composition of the basic rations fed
ad libitum to calves for 12 weeks,
Trials I and II

Trial
I II
Ingredients Fiber Contents of Rations
Low High Low High
(% of rations on an as fed basis)
Degermed corn meal 53.0 -- -- --
Soybean flake -- 50.0 5.0 10.0
Ground alfalfa hay 14.0 15.0 -- --
Soybean meal (50%) 12.0 9.0 -- --
Blood meal 5.6 8.0 20.0 16.0
Solka floc - - -- 12.0
Ground corn cobs -- - 10.0 10.0
Corn starch 8.4 5.0 59.0 40.0
Molasses 5.0 5.0 5.0 5.0
Tallow - 6.0 - 5.0
Urea ?42%) 1.0 1.0 -- 1.0
Salt (T.M.) 1.0 1.0 1.0 1.0
Vit.-Antiblotic mix a a a a
Mineral b b c c

8Enough to supply 8000 I.U. vit. A., 500 I.U. vit. D3, and
25 mg chlortetracycline per 1b ration.

PExtra phosphorus was supplemented so that the supplement
and the fee&  phosphorus totaled 1.8, 2.3, and 3.0 g per 100
1b of 1live body welght dally. The phosphorus supplement
was CaHPOy. Extra CaCO% was included so that Ca/P ratilo
was approximately 2.77:1.

CCaHPOy and CaCO were added to each basic ration in order
to have 4 levels of phosphorus and a Ca/P ratio near 2.77:1.
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Since in Trial I no significant differences were found
in the criteria used to measure adequacy of P and 1in most
instances the calves consumed enough or exceeded the amount
of predetermined P desired from thelr rations, a second trial
was initiated. 1In Trial II, 24 calves were randomly assigned
to one of elight diletary treatments consisting of low-fiber
ration and high-fiber ration each with 4 levels of P. The
P levels in the rations were made up by the addition of
CaHPOu at the time the rations were made. CaCO3 was also
added to make the Ca/P ratio the same as in Trial I. The
Ingredients and chemical compositlion of the rations used in
Trial II are shown in Tables 1 and 2 respectively.

In both trials the rations were fed ad libitum.
Records of feed consumption were kept. In addition, all
calves were fed milk obtalned from the University Holsteiln
herd at the rate of 8% of the initilal birthweight until they
were 30 days of age. The allotted dally mlilk was given in
two equal portions at 7:00 A.M. and 4:00 P.M. Water was
avallable at all times.

The calves were welighed as they became avallable at 3
days of age and at weekly intervals thereafter. All calves
were placed in individual stalls and bedded with wood
shavings.

The calves were bled once, two days after the with-
drawal of milk and twice during the 12th and the 13th week

of the experiment. The blood obtained was allowed to clot
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and the serum frozen for future analyses. An aliquote of

the serum obtained in Trail II was analyzed for alkaline
phosphatase activity immedlately upon the removal of the clot
by centrifugation.

For one week following the twelve weeks of growth
study, the calves 1n Trial I were allowed only enough rations
so that there would be no feed refusal or weighback. This
was done 1in order to obtain a constant intake before slaughter-
ing. Each calf received 2 g of Cr203 everyday during this
week in two equal portions at 8:00 A.M. and 5:00 P.M. 1In
Trial II the calves were continued on ad libitum 1ntake;
they were fitted at this time with plastic bags similar to
those described by Noller et al. (97) for total collection
of feces. The daily feces were collected from most calves
for 3-4 days but only 1-2 days from a few calves. The calves
In Trial II were also induced to defecate by passing rubber
tubing into their rectum. The fresh feces obtalned were 1im-
mediately mixed with an equal volume of 50% H,SO, and pre-
served for determinations of volatile fatty acids and lactic
acid. The HESOM solution was used to extract the organic
aclds from the feces and stop the microbial activity in the
feces. The mixture of HpSOy and feces was placed in a refri-
gerator for at least 48 hours and then the solids in the
mixture removed by centrifugation. The supernatant was saved
for future analyses of organlic acids.

Following the fecal collection period for Trial II and

one week of reduced but steady intake 1In Trial I all calves
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were fasted for about 16 hours, reweighed and then
slaughtered. The welghts obtained prior to and immediately
after the fast were used to determine the effect of low- and
high-fiber rations on the shrinkage of the calves. During
the fast, water was availlable at all times. The calves

were killed at the end of the 16-hour fast by first stunning
with a blow on the head and bled 1mmediately by severing the
Jugular vein. A mid-ventral incision was made to allow
tying of the esophagus just before it entered the rumen.
Another ligature was made at the rectum near the anal orifice
Just prior to the removal of the whole digestive tract from
the abdominal cavity. The digestive tract was separated
into reticulo-rumen, omasum, abomasum, upper and lower small
intestine, large intestine and cecum. In order to prevent
movement of digesta within the small intestine, lligatures
were placed at short intervals on the small iIntestine before
separating 1t from the omentum and dividing into 2 equal
portions. The digesta 1in each organ were removed quantita-
tively then weighed, mixed and a sample taken immediately
for pH determination using a Beckman Model G pH meter and
glass electrode assembly. Another sample was placed in a
Jar and brought to the laboratory of which a portion was used
for dry matter determination and the dry digesta saved for
analyses of Ca, P, K, Na, and ash. Another portion of the
fresh digesta was welghed and placed 1n a known volume of a

50% H,S0) solution for organic acids analysis. The rest of
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the sample was placed 1n a deep freeze until all calves
were kllled. The frozen samples were thawed and Van Soest
detergent fiber and lignin determined. The digesta from
the omasum of the calves in Trial I werenot saved for any
chemical analysls and the percentage of dry matter was
estimated by visual comparison with digesta obtalned from
other organs.

The water holding capaclty of the rumen was determined
by measuring the weight of water held in the organ under
40 mm of water pressure with the organ half way submerged in
HEO. This was done 1in order to determine if the high-fiber
ration had any effect on rumen volume. Also, in Trlal II
the welght of each organ was determined after the dlgesta
were removed, while in Trial I the mucosa 1n the rumen was
completely separated from the muscle layers. The dry welght
of the mucosa was determined.

The welght of the carcass (head and legs removed) with
the hide on was used for the calculation of dressing percen-
tage. The entire left 9th and 10th ribs were removed and
the distal 10% used for analysis. These distal ends were
dried, extracted with ethanol followed by petroleum ether
and the dry-fat-free bone used for ash analysis.

Technique Used in the Measurements of
Absorption and Secretion of Nutrients

The indicator method of determining digestibility was

adopted to measure absorption and/or secretion of nutrilents
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along the gastrolntestinal tract of calves. The following

Indicator in feed
equation, % digestibility = (100 - é Indloator 1n Feces
% nutrient in feces

X "¢ nutrient in feed X 100), as given on page 303 of the

textbook by Maynard and Loosli (90) was used.

The indlcators used 1n Trial I were lignin and chromic
oxide (Cr203)and in Trial II lignin. 1In order to measure
the degreeof absorption and secretlon in the different sec-
tions of the gastrointestinal tract as the digesta moved
posteriorly, two consecutlve sections of the tract were used
in relation to the above equation. The digesta 1in a glven
organ was consldered to be the feed for the next posterior
organ. The dlgesta 1n the second organ would be equlvalent
to the feces for the calculation using the ratio technlque
equation. The digesta in the second organ would also be the
feed for the next posterlor or third organ. Using two con-
secutive organs in relation to the above equation the degree
of digestion in the following allimentary sectlons was
calculated:

1. rumen--using feed as fed and rumen digesta as

feces;

2, omasum--using rumen digesta as the feed and

omasal digesta as the feces;

3. abomasum--using omasal digesta as the feed and

abomasal digesta as the feces, and so on for;

4, upper small intestine;

5. 1lower small intestine;
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6. large intestine;

7. cecum, and

8. rectum--using the digesta in the large intestine

as the feed and the feces volded as the feces,

In Trial II because fecal samples were avallable from
total collection of feces, two methods were used to calculate
total digestlbility, 1i.e., total collectlion method and lignin
ratlio technique. In Trial I the digesta in the large intes-
tine were used as feces and compared to the feed consumed 1n
order to calculate total digestibility. This approximatlion
was Justifiable because between the time the digesta were
in the large intestine and the time the dlgesta were volded
as feces the degree of digestlon was minor as will be shown
later in the results. Also since 1in Trlal I, the digesta
in the omasum were not sampled, the digestlon in the abomasum
was calculated by using rumen digesta as the feed and the
abomasal dlgesta as the feces. This calculation 1s not ab-
solutely proper because the digesta from the rumen pass
through the omasum before entering the abomasum. Neverthe-
less a comparison between the rumen and the abomasum relative
to a marker will be indicative of the total digestlon of the

ruminal digesta 1n the omasum plus the abomasum.

Chemlical Methods

Calcium and ash.--Calcium in blood serum, rations,

digesta, and feces was determined by the method of Morl (95).
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This method 1s a complexometric titration using 1,
2-dlaminocyclohexane - N, N, Nl, N1 - tetraacetic acid
(CDTA, Chenta Complexone IV, Geiger Pharmaceuticals, Basel).
The end point 1s a change in color of the Calcein indicator
from a green fluorescence to a dull blue color when viewed
with 1light from an 1ncandescent lamp. The blood serum pro-
tein was precipitated with a 10% trichloroacetic acid solu-
tlon and the preclpitate removed by filtering with Whatman
No., 2 filter papers. The protein-free serum filtrate was
then used for Ca analysis.

The organlc matter in the rations, digesta, and feces
was removed by ashilng the dry digesta at a temperature of
500-550° C for 6 hours and this weight used for calculating
ash content. The ash was then dissolved in concentrated
HNO3 and distilled water to wash down adhering ash on the
sides of the crucibles. The crucibles were then heated on
a hot plate until the solution boiled for a few minutes.

The ash in HNO3 solution was quantitatively filtered through
a low ash Whatman No. 42 filter paper and made to a known

volume. This final clear solution was used for Ca analysis.

Phosphorus--Blood serum, dlgesta, rations, and feces
vwere analyzed for P by the method of Fiske and SubbaRow (45)
as outlined by Hawk et al. (63) using the same solutions that

were descrilbed for the analysls of Ca.

Blood Serum Alkaline Phosphatase,--Blood serum alkaline

phosphatase was determined by the method of Bodanskl (18) as
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outlined by Hawk et al. (63).

Sodium and Potassium.--Sodium analyses were performed

on the rations, digesta, and fecal solutions and K analyses
on the ration and fecal solutlons obtained in Trial II only.
These two minerals were determined by the flame photometric
method using a Beckman Model DU spectrophotometer with flame
attachment. The procedures followed were those recommended
by Beckman Instrument Manual No. 334-A (15). Attempts were
made to estimate the K and Na concentrations in the digesta
solutions used for VFA analyses by the Beckman cationic and
sodium electrodes (Beckman No. 39047 and 39278), and a volt-
meter (Keithley 600A Electrometer). The results were not
repeatable probably due to interference from proteiln and
other substances present in the solutions and the results

are not included 1in thils manuscript.

Volatile Fatty Acids.--Acetlic, proplonic, and butyric

acids in the digesta and fecal extracts were determined by

gas chromatography using an Aerograph Model 600. The carrier
gas was nitrogen supplied by a compressed tank at the rate

of 35 ml per minute. The fuel was hydrogen supplied by an
Aerograph hydrogen generator Model 650 at the rate of 25 ml
per minute. A five-foot commercial column packed with 15%
versamid 900 5% iso-phthalic acid on 60/80 Chromosorb W with

a dlameter of 1/8 inch was used. The signal from the hydrogen
detector gold plated head was picked up and recorded contlnu-

ously by a Model SRL Sargent recorder.
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Lactic Acid.--Lactic acild determinatlions were done on

the digesta and fecal extracts using the method of Barker

and Summerson (12).

Fiber and Lignin.--Filber and lignin were determined

in the rations, fresh digesta and feces by the method of Van
Soest (139). Since the digesta and fecal samples had dif-
ferent water content, several concentrations of the detergent
solution were used to make the filnal sample--detergent mix-

tures equal 1in detergent concentratilons.

Chromic Oxide.--The digesta (Trial I) was analyzed

for CrpO3 by the method of Bolin et al. (19).

Bone Ash.--The distal 10% of the left 9th and 10th
ribs was dried, extracted in a contlnuous-reflux apparatus
with 95% ethanol and petroleum ether each for 12 hours and
the dry-fat-free bone ashed in a muffle oven at 600° C for

12 hours.

Statistical Methods

The data collected for all measurements except feed
intake data and those in Tables 21, 22, 23, 30, and 31 were
analyzed statistically by analysis of variance (121) and
treatment means were subjected to the multiple range test
of Duncan (39). Feed intake data were analyzed according
to the Kruskal-Wallis analysis (36). No statistical analysis

was made on the values 1n the five tables mentioned above
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since the concentration was hardly measurable for several
nutrilents 1n some sectilons of the gastrointestinal tract.
The concentration was essentially zero, but to calculate
whether secretion or absorption occurred an approximate
minimum value was used. The diagram below shows the experi-

mental design used iIn Trials I and II.

Phosphorus Levels of Ratlons

Fiber Contents of Rations 1 2 3
Low 2 2 2
High 2 2% 2

*¥In Trial I, only one calf was in this cell, all
other cells had 2 calves each. The missing
datum was calculated according to Snedecor (121)
before the data were analyzed by analysis of
varlance.
In Trial II Instead of two calves per cell and three
levels of P there were, respectively, three and four.



CHAPTER IV

RESULTS

I. Feed Consumption

During the first four weeks of the experiment when
the calves were stilll fed milk the amount of dry feed con-
sumed was negligible (Appendix, Table 1). In Trial I the
average dally dry matter consumption increased from 0.76
1b per 100 1b body welght during the last week of milk
feeding to 1.50 1b during the first post-weaning week.
Similarly expressed for Trial II, the dry matter consumed
was 0.91 and 1.36 1b. In Trial I the average dry matter
consumed dailly by calves during the first six weeks of the
experiment was 0.68 and 0.87 1b per 100 1lb body weight
respectively for the low- and high-fiber rations. In Trial
IT during this same period the average daily dry matter con-
sumption was 0.60 and 0.75 1b per 100 1b body welght respec-
tively for the two groups of calves. 1In both trials the
differences in feed consumption were not statistically
significant (P> .05) during the first six weeks of the
experiment.

From the 7th through the 12th week of the experiment
the calves 1in both trials consumed more of the high-fiber

rations than the low-fiber rations (P<0.0005) (Figure 1).

54
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Filgure 1. Average Dry Matter Consumption of Calves
Fed the Low- and High-Fiber Ratlons from the 7th
to the 12th Week of Experiments (dry matter con-
sumption significantly different at P < 0.0005
in both trials).
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Apparently, the greater bulk in the high-fiber rations did
not cause the calves to eat less. The calves fed the high-
fiber rations may have consumed more feed than those fed

the low-fiber rations to meet thelr energy requirements

since the high-fiber rations were less digested than the low-

fiber rations (Section X).

IT. Growth, Shrinkage and Dressing Per Cent

The rations utilized 1n these trials apparently sup-
plied the necessary nutrients for moderate weight galins even
though these rations were made of semi-synthetic ingredients
and the calves were weaned from milk when they were only 30
days of age. Welght galns in Trial II were much less than
in Trial I, although the difference between calves fed the
low and the high-filber dlets was not appreclable in either
trial (Table 3).

Nearly 45 and 60% of the welght gains were made during
the last four weeks of the experiment for Trials I and II
respectively. The average daily gain during the 1l2-week
period was 0.7 1lb while during the last 4-week period gain
averaged 1.2 1lb for Trial II. In Trial I the respective
welght gains during the two periods were 1.2 and 1.5 1lb.

The 16-hour shrinkage for the high-fiber group was
more than the low-fiber group in Trial I (6.7 versus 4.0%

P < .05) but no appreciable difference was observed in

Trial II (Table 3).
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TABLE 3.--Average welight gain, shrinkage and dressing
percentages of calves fed low- and high-
fiber rations, Trlals I and II

Trial I Trial II
Fliber Contents
Measurements Low High Low High
Welght gain
(1b, O to 12 week) 97.7 98.2 59.3 58.5
Welght gain
lb, 8 to 12 week) 42,7 43,2 34.7 36.2
Shrinkage
(%, 16-hour fast) 4, o* 6.7 4,6 3.8
Dressing (%) 61.1%*% 53,6 63.8 62.2

*¥Difference between low- and high-fiber rations significant
at P« .05.

**¥Difference between low- and high-fiber ratlons significant
-at P ¢ .0Ol.

The dressing percentage was affected by the weight of
the gut and f1ll at the time of slaughter. The data on tissue
welght and gut contents which are presented in Sections IV
and VII were probably responsible for the greater dressing
percentage of the calves fed the low-filber rations compared
with those fed high-fiber rations. The difference in Trial I
was statistically significant (P < .0l1) and that in Trial II

was not.

III. Effect of Phosphorus

A. Phosphorus consumption

In Trial I the calves in most instances consumed more

P from their rations than the predetermined amounts of 1.8,
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2.3, and 3.0 g dailly per 100 1lb body weight (Appendix, Table
2). During the entire experiment the averages of total P
consumed daily were 3.01, 3.11, and 3.41 g per 100 1b body
welght for the three respective predetermined P levels and
were not statistically different (P > .05). This mixed
ration contained more P than that based on published values
of ingredients used.

In Trial II, the only source of P for the calves was
the ratlons and the daily amounts of P consumed, therefore,
followed the dailly amounts of rations consumed. These data

are presented in the followlng paragraphs.

B. Feed consumptilon

There were no statistical differences 1n feed intake
among the groups of calves fed the different levels of P,
when expressed either as a per cent of P in the ration (Trial
II) or as grams of P per 100 1b body weight (Trial I). 1In
Trial I the calves fed rations containing P levels 1, 2, and
3 consumed respectively 0.76, 0.75, and 0.81 1b of dry matter
per 100 1b body weight daily from the 1lst through the 6th
week of the experiment. In Trial II similarly expressed for
P levels 1, 2, 3, and 4 the dry matter consumption was 0.71,
0.70, 0.71, and 0.56 1lb. The average dry matter intake for
each P level from the 7th through the 12th week of the experl-
ment 1s presented in Figure 2 for both trials. Feed consumption
varied from day to day in both trials and no cyclic pattern was

observed in feed consumption as reported by Tillman et al. (133
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and 136). The average dally dry matter 1ntakes for calves
fed rations containing P levels 1, 2, and 3 in Trial I were
respectively 2.30, 2.38, and 2.28 1b per 100 1lb body weight.
For calves fed rations contalning phosphorus levels 1, 2, 3,
and 4 in Trial II the dry matter intakes were respectively
2.53, 2.56, 2.42, and 2.40 1b daily per 100 1b body welght
durlng the 7th through the 12th week of the experiment.
Although no significant statistical differences 1n feed con-
sumption were observed among the different P levels, calves
fed P level 2 consumed the greatest amount of ratlion for both
trials when consumption was based on a unit body welght.

The levels of Ca used in this present study were not
expected to influence the effects of P on feed consumption
or other measurements since the Ca/P ratios (Appendix, Table o
2) were within the limits that other workers have found inef-

fective 1in thils respect (48 and 156).

C. Body weight gailn

No statistically slgnificant differences were observed
among the mean welght galns of the calves fed the different
levels of P (P > .05) (Table 4). The average dally welght
galns were 1.17, 1.12, and 1.20 1lb respectively for the calves
fed P levels 1, 2, and 3 1n Trial I and expressed similarly
were 0.68, 0.79, 0.66, and 0.67 for calves in Trial II during
the 12 weeks of growth. Calves 1n Trial II that were fed P
level 2 (0.195 to 0.197% P of the dry matter) had the most
welght gains but in Trial I no particular group actually

excelled.
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TABLE 4,--Average weight gains of calves receiving
different levels of phosphorus, Trials

I and II
—————— — e ———
Trilal I Trilal II
Week on Experiment Phosphorus levels
1 2 3 1 2 3 4

0 to 12 week (1b) 98.5 94,3 101.0 57.0 66.7 55.8 56.2
8 to 12 week (1b) 42,0 47.0 39.5 30.8 40.8 32.0 38.0

D. Blood data

Most of the serum inorganic P and Ca concentrations and
phosphatase activities obtained during the U4th, 12th, and
13th weeks of the experiment were near the normal ranges ex-
pected from young calves (Table 5). These values are com-
parable to those reported by several investigators (80, 156,
157, and 158). No explanation can be given as to why some of
the values were somewhat hlgher than normal.

In general the changes 1in P concentration and phosphatase
activity with time were normal. The P concentration in the
serum measured on the 12th and 13th weeks was less than that
measured on the 4th week of the experiment and thils decrease
in P concentration with age was accompanled by an increase 1in
the serum phosphatase activity. The phosphatase activity was
also 1nversely related to the P concentration at each sampling

time in both trilals.
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E. Bone data

Although phosphorus levels 1in the ratlons did not sig-
nificantly (P> .05) influence the percentage bone ash, the
greatest values were those for level 2 in both trials and
all the values were normal for young calves (Table 5).

Since the bones obtalned were a percentage of the
length of the 9th and 10th ribs the welght of the bone ash
could be compared directly and the values when expressed as
a unlit of body welght would reflect the rate of bone growth,
assuming that all c&alves started with equal bone welght.
When the bone ash welght was, therefore, expressed in terms
of g of bone ash per 100 1b of body welght, increasing the
P levels increased the g of bone ash per unit body welght
in both trials. In Trial I the differences among levels of
P were not statistically significant; however, in Trial II
P level one had significantly less bone ash per unlt body
welght than level 3 or 4 (Table 5, P =« .05). Not only was
the influence of P levels reflected in the welght of bone
ash per unit of body welght, the influence also appeared in
the length, width, and thickness of the bone., By visual
Judgment the bones from the calves fed the lower levels of P
were 1n general smaller in dimension than those from calves
fed the higher levels.

On the basis of percentage bone ash the different levels
of P fed were equally satisfactory while on the basis of g
of bone per unit body weight P level 3 in both trials gave

the greatest rate of bone growth.



64

IV, Distribution of Gastrointestinal Contents

A. Wet digesta

Wet digesta 1In the reticulo-rumen averaged 17.3 1lb per
calf with a range of 10.8 to 25.8 1b in Trial I, In Trial
II the average was 11.0 1b per calf with a range of 5.9 to
20.9 (Appendix, Table 3). Simllar wide ranges were also
observed for other sections of the alimentary tract of calves
in both trials. The average wet digesta in the omasum,
abomasum, upper small intestine, lower small intestine, large
intestine, and cecum were, respectively, 1.1, 1.9, 1.5, 1.8,
1.3, and 1.2 1b per calf in Trial I while in Trial II the
averages listed in the same order were 1.2, 0.6, 1.1, 1.6,
1.5, and 0.6 1lb. The reticulo-rumen, abomasum and cecum
contalned more material per calf in Trial I than in Trial II
while the upper and lower sections of the small intestine

contalned about the same amount in both trials.

B. Dry digesta g per 100 1lb body weight

Calves in both trials fed the high-fiber rations had
more dry matter 1in their alimentary tract thanr those fed
the low-fiber rations when the calves were killed after a
16-hour fast (T-ble 6). For instance in Trial I the total
dry matter found in the entire tract was 668 for calves fed
the low-fiber ration compared to 1084 g per 100 1lb body
welght for calves fed the high-fiber ration. In Trial II

the respective amounts of dry matter were 687 and 702 g.
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In Trial I the dry contents 1n each sectlion of the allmentary
tract of the calves fed the low-flber ration were less than
that found in the respective section of the calves fed the
high-fiber ration but only 1in the small iIntestine and cecum
were the differences statistically significant (P <« .05).

No statistically significant differences were observed in the
mean dry dlgesta welight in the respective sections of the
alimentary tract between the two groups of calves in Trial

II (Table 6).

C. Distribution throughout the gastrolntestinal tract

The percentage distributlon of dry digesta in respective
sections of the alimentary tract was very similar between
the calves fed elther the low or the high-fiber ration within
each trial (Table 6). 1In Trial I about 72% of the total dry
digesta was found in the reticulo-rumen and in Trilal II about
53%. Except for the differences in the ingredients used to
make the rations for the two trials (Table 1) no other obvious
factors can explain for the differences observed between the
two trials in percentage distribution of dry matter in the
rumen and other sections of the tract.

The omasum of calves contained approximately 4 and 16%
of the total dry digesta in Trials I and II, respectlvely.
The percentage distrilbution in the next organ (abomasum) in-
creased to about 8% in Trial I and decreased to near 4% in
Trial II. The percentage distribution ranged from 3-5% in

both trials for each of the two sections of the small
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intestine. Dry digesta in the large intestine and cecum

amounted to 8-10% in Trial I and 16-19% in Trial II.

V. Relatlonships Involving Gastrointestinal
Contents, Trial II

A, Rumen retention time

The ratio of weight of dry ruminal digesta to weight
of dry feed consumed per day has been defined by Thomas et
al, (130) as rumen retention time. The regression equation
'? = 1.091 - ,0007X wilth a standard deviation from regression
of 0.246 obtained by regressing rumen retention time (Y) on
g of dry matter consumed (X) can be used to predict rumen
retention time (?), when only feed consumption data are
known, Rumen retention time, 1n turn, can be used to predict
rumen f1ll. Since the calves were slaughtered only at one
time (16 hours after fasting) the regression equation is
limited to predict rumen retention time for this one time
only; further more, the correlation(r = +0.46) between rumen
retentlion time and feed consumption was not sufficiently high

even though significant (P < .05) to be of value.

B. Rumen dlgesta versus dally fecal output

When the total wet ruminal digesta (in g) of the calves
fed the high-fiber dlet was correlated with their daily wet
fecal output (in g) the r value was +0.57 (P «.05). The

A A
regression equation was R = 1.853 + 1.156F (where R = g of

wet ruminal digesta and F g of dally wet feces) with a
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standard deviation from regression of 780 g. Thils equation
can be used as an estimator of rumen fill of calves at 16
hours after fasting the calf.

When similar statistical analyses were made on the data
avallable from the calves fed the low-fiber ration the cor-
relation (r = +0.43) was not significant (P > .05). The
discrepancy between the low-and high-fiber fed calves could
have been caused by a difference in the rate of passage of
digesta or absorptlion of dry matter from the rumen and fecal

output rate In the two groups of calves.

C. Ruminal, omasal and abomasal dligesta

The rumen contained on the average 12.3 and 4,6 times
more wet and dry dligesta than the omasum, fespectively. The
values glven are only averages since only insignificant dif-
ferences were observed statistically (P > .05) for elther
levels of phosphorus or fiber.

Similarly, the rumen contalned 6 to 256 times (average
33 times) more wet digesta and 15 to 1252 times (average 128
times) more dry digesta than the abomasum. The above wlide
ranges of values demonstrated that the welght of the dlgesta
(wet or dry) in the rumen, omasum, or abomasum were not a

constant for calves treated similarly.

VI. Rumen Capaclty

The average rumen water holding capacity was 30.5 and

35.0 in Trial I and in Trial II 26.1 and 27.3 1lb per 100 1b
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body weight for the low- and high-fiber rations, respectively.
The calves fed the high-fiber rations in both trials had
slightly greater rumen capacity than those fed the low-fiber
rations, but the difference was not statistically signifi-
cant (P > .05). The high-fiber rations, therefore, did not

significantly stretch the rumen wall.

VII. Gastrointestinal Tissues

In Trial II only the welghts of the entire tract,
proximal half of the small intestine and cecum expressed
as g of tissue per 100 1b body welght, were significantly
less (P < .05) in the calves fed the low-fiber diet when
compared to those fed the high-fiber diet (Table 7). The
average welghts of the reticulo-rumen, omasum, and abomasum ‘
were, respectively, about 1055, 263, and 244 g per 100 1b
body welght for all calves.

In Trial I the average reticulo-rumen tlssue welght
was 1222 and 1056 g per 100 1lb body weight for calves fed
the low- and high-fiber rations, respectively. The heavier
tissue welght was that of calves fed the low-fiber diet Jjust
as was true 1in Trial II. The 1ncrease in the rumen tissue
welight of the calves fed the low-fiber ration was probably
due to the increase 1In the musculature of the rumen since
the welghts of dry rumen mucosa obtalned from calve; in Trial
I were 71.7 and 69.5 g per 100 1lb body welght for the calves fed
the low- and high-fiber rations respectively. The levels of
P did not significantly (P > .05) affect the dry rumen
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TABLE 7.--Average wet tissue welght of the sections
of the alimentary tract of calves fed low-
and high-fiber rations, Trial II

Fiber Contents of Rations

Sectlons of
Alimentary Tract Low High

(g wet tissue/100 1b body wt)

Recticulo-Rumen 1068 1042
Omasum 250 277
Abomasum 229 259
Upper small intestine L52%% 561
Lower small intestine 571 626
Large intestine 425 419
Cecum 66* 83

Total 3062#* 3268

*¥Difference between low- and high-fiber rations significant
at P « .05.

**¥Difference between low- and high-fiber rations significant
.at P « .01.

mucosa welght, although calves fed P level 2 had a value of
80.4 compared to 68.6 and 62,7 g per 100 1b body weight for

calves on levels 1 and 3, respectively.

VIII. pH of Digesta

The pH of digesta in sectlions of the alimentary tract
of calves 1in both trials was not appreclably affected by
elther levels of P or flber fed except in the rumen of
calves in Trial I (Tables 8 and 9). There was a tendency for
the pH to be lower in the ruminal digesta of calves fed the
larger amounts of P or fiber. The pH in other sectlons did
not show any particular pattern due to amounts of P or fiber

fed.
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TABLE 8.--Average pH of the contents in sections of
the alimentary tract of calves fed different
levels of phosphorus, Trials I and II

Trial I Trial II

Sectlons of Phosphorus Levels of Ratlons
Alimentary T t
ntary Trac 1 > 3 1 > 3 M

Reticulo-Rumen 6.58 6,07 6.20 7.28 7.20 6.98 6.92
Omasum 5.85 6.32 6.00 6.02 6.32 6.13 6.14
Abomasum 2.90 3.12 2,60 3.17 4.37 3.65 3.67
Upper small

intestine 6.47 6.42 6,42 6,33 6.36 6.43 6.28
Lower small

intestine 7.22 T7.30 7.1 7.17 7.12 7.10 7.18
Large intestine 6.60 6.45 6,47 6,16 6.30 6.34 6.33
Cecum 6.62 6.27 6.52 6.45 6

.53 6.44 6.53

TABLE 9.,--Average pH of the contents in sections of
the alimentary tract of calves fed low- and
high-fiber rations, Trilals I and II

—

Trilal I ‘ Trial II

Sections of Fiber Contents of Rations
Alimentary Tract Low High Low High
Reticulo-Rumen 6.82%* 5.75 7.12 7.05
Omasum 6.33 . 5.78 5.95 6.36
Abomasum 2.85 2,90 3.50 3.93
Upper small intestine 6.41 6.47 6.28 6.42
Lower small intestine 7.18 7.25 7.11 7.17
Large intestine 6.41 6.60 6.36 6.20
Cecum 6.40 6.55 6.46 6.46

*% Difference between low- and high-fiber ratlions significant
at p <« .01,
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IX, Total and Distributlon of Organic Acids in
the Gastrointestinal Tract

A. Volatlile fatty aclids

An average of 405.0 and 1140.0 millimoles of volatile
fatty acids (VFA) (acetic, propilonic, and butyric acids) was
present in the entire tract of calves fed the low- and high-
fiber rations respectively in Trial I, and 618.0 and 676.0
respectively, in Trial II (Table 10). The amount of VFA
present in the entire gastrointestinal tract of individual
calves ranged from 345.0 to 1632.2 millimoles in Trial I and
324.7 to 1337.2 in Trial II (Appendix, Table 5).

TABLE 10.--Average total volatile fatty acids
and lactic acid in the contents of
the entire alimentary tract of

calves fed low- and high-fiber
rations, Trials I@ and II

Trial I Trial Il
Acid Fiber Contents of Ratlons
¢ Low High Low High
(millimoles)
Volatile fatty acids 405 1140 618 676
Lactlc acid 13 16 7 7

8No estimates were made for VFA or lactic acid in the omasum
of calves in Trial I; values given for Trial I do not 1include
organic acids in omasum,

An average of 81.3 and 87.7% of the total VFA found in
the entire gastrointestinal tract was found in the reticulo-

rumen of calves fed respectively the low- and high-fiber
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rations in Trial I and 61.1 and 54.6% in Trial II (Table 11).
The difference 1n the distributlion of VFA in the rumen of
calves between trilals was probably due to the difference in
distribution of gastrointestinal contents rather than to a
difference in VFA concentrations (Appendix, Table 3). Also
the percentage distributlon should be decreased somewhat in
Trial I since the VFA in the omasum was not included 1in the
calculationgsof total VFA. If the percentage distribution in
the omasum of Trial I was assumed to be 8.5 (average distri-
bution in omasum of Trial II) then the reticulo-rumen would
contaln only 77% of the VFA of the entire gastrointestinal
tract.

TABLE 11.--Average distribution of volatile fatty

acids in sectlons of the alimentary

tract of calves fed low-. and high-fiber
rations, Trlals I and II

e e

Trial I Trial II

Sections of Fiber Contents of Ratlons

Alimentary Tract

Low High Low High

(% of total in entire tract)

Reticulo-Rumen 81.3 87.7 61.1 54,6
Omasum a a 8.7 8.3
Abomasum 0.6 0.5 0.8 0.4
Upper small intestine 0.1 0.1 0.3 0.2
Lower small intestine 0.6 0.6 1.2 0.8
Large Iintestine 9.7 5.8 18.5 25.7
Cecum 7.8 5.3 9.5 10.0

AYFA in omasum, Trial I were not determined.
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Only 1-2% of the total VFA was found in the abomasum
plus the small Intestine of calves in both trials. A rise
In the amount of VFA occurred in the tract distal to the
small intestine. The large intestlne and cecum together
contalned on the average 11.1 to 17.5% of the total VFA in
the gastrointestinal contents in Trial I, and 28.0 to 35.7%
in Trial II.

B. Volatlle fatty aclds molar percentage
distribution

In Trial I (Table 12) the molar percentages of acetic,
propionic and butyric acids were 66, 24, and 10 respectively
In the reticulo-ruminal digesta. The average molar percentage
of acetic acid was significantly smaller in the reticulo-
ruminal digesta than in the large intestine plus cecum (P<.05).
The average molar percentages of proplonic and butyric aclds
were respectively 17 and 8 in the large intestine plus cecum,
and were not significantly different from those 1In the
reticulo-ruminal digesta.

In Trial II (Table 13) the molar percentages for acetic
proplonic, and butyric acilds in the rumen of calves fed
the low-fiber ration were significantly different from that
obtained from calves fed the high-fiber ration. The molar
percentages for the low- and high-fiber rations were respec-
tively acetic, 70.8, 65.2 (P < .05) propionic, 22.9, 26.6
(P < .05) and butyric 6.4, 8.4 (P = .01).

The rumen was the only organ wherein molar percentage

distribution of the VFA was affected by the levels of flber
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TABLE 12.--Average molar percentage distribution of
volatlle fatty acids in the rumen and
large intestine and cecum of calves,

Trial I

Sections of

Alimentary Tract Acetic  Propionic  Butyric

Reticulo-rumen 66* 24 10

Large intestine and cecum 75 17 8

*Difference between sections of alimentary tract signifi-
cant at P « .05,

TABLE 13.--Average molar percentage distribution of
volatile fatty acids in sectlons of the
alimentary tract of calves fed low- and

high-fiber rations, Trial II

Fiber Ccntents of Ratilons

Sections of Low High
Alimentary Tract o 9 o 9
z ol & T oan B
o) o g L ) o +
2 V. e &3 A

Reticulo-Rumen 70.8% 22.9% 6, 4%« 65.2 26.6 8.4

Omasum £68.8 22,6 8.6 69.5 22.2 8.3
Large 1intestine 69.6 20.7 9.7 68.7 22.0 9.4
Cecum 69.9 21.4 8.7 69.2 22.2 8.7

*Difference between low- and hilgh-fiber rations significant
at P « .05.

**Difference between low- and high-fiber rations significant
at P « .01,
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fed to the calves. 1In the remaining organs (omasum, large
intestine, and cecum) the molar percentage of the VFA was
essentlally the same, being acetic 69-70, proplonic 21-22,
and butyric 8-10,.

C. Lactic acid

Lactic acld found in the entire gastrointestinal
tract averaged 7.1 and 14.5 millimoles per calf for Trials
I and II respectively (Table 10). The amount of lactic
acld found in the tract was much less than for the volatlle
fatty aclds. The distribution of lactic acid in the seven
sections of the gastrointestinal tract (Table 1l4) was very
different from the distribution of VFA. In both trilals the
lactic acld was found to be mainly in the small intestine.
From 77.1 to 78.6% of the lactic acid in the entire gastro-
Intestinal tract was found in the small Intestine of calves
in Trial II and 54.4% in Trial I. About 23% of the total
was distributed among rumen, omasum, abomasum, large intes-
tine, and cecum in Trial II. The rumen contained a greater
proportion of the total lactic acid in the tract (36-37%)
of Trial I than in Trial II (10-11%).

The distribution of lactic acid was very similar in
respective sectlons of the gut for the calves fed the low-
and high-fiber rations (Table 14). No significant effect
(P> .05) can be attributed to either fiber levels or P

levels on lactic acid distribution in the gut.
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TABLE 14.--Average distribution of lactic acid in
sectlons of the alimentary tract of
calves fed low- and high-fiber rations,

Trials I and II

Trial I Trial II

Sections of Fiber Contents 1n Ratilons
Alimentary Tract Low High Low High
(% of total in entire tract)
Reticulo-Rumen 35.9 36.9 11.0 9.9
Omasum ———— ———— 2.1 1.9
Abomasum 3.0 2.0 4,0 3.5
Upper small intestine 22.5 28.2 37.1 36.6
Lower small intestine 31.7 26.4 40,0 42,0
Large intestine 4.8 4,0 4,3 4.9
Cecum 2.5 1.9 1.6 1.4

¥Was not determined.

X. Absorption and Secretion of Nutrients

The values obtalned by using the marker ratio technlque
as applied 1n these present experiments can be eilther posi-
tive or negative. A poslitlve value indicates that absorptilon
exceeds secretion while a negative value indicates the
reverse. A negative value can be an Infilniltely large nega-
tlve number and yet the absolute total changes in terms of
grams of a nutrient can be insignificant depending on the
amount present in the more anterior organ of a palr of con-
secutive organs and on the rate of passage of digesta 1in

the two organs.
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A. Digestion of dry matter, organic
matter, and fiber

In general, the average absorption of dry matter,
organic matter, and flber obtained in Trial II agreed with
the results obtained in Trial I (Tables 15 and 16). Dry
matter, organic matter, and fiber were digested in the rumen.
The amount of fiber but not the levels of P in the ratilons
(effects of P not shown in tables) affected the degree of
digestion of the three nutrients. The dry matter and organic
matter of the high-fiber rations in both trials were signifi-
cantly less digested in the rumen than those of the low-fiber
rations, whlle the reverse was true for digestion of the flber
portions of the low- and high-fiber rations.

The values obtained for individual calves for absorp-
tion from the rumen ranged from 51 to 86 for dry matter, 54
to 87 for organic matter, and 12 to 57 for fiber in Trial I
and in Trial II the values 1listed 1n the same order were:

71 to 92, 71 to 92, and 29 to 68 (Appendix, Tables 10 and 11).

Little or no absorption of any of the three nutrients
occurred in the omasum, abomasum, and upper section of the
small intestine. 1In fact, secretion of these three nutrilents
into these sectlons must be greater than the absorption rate
for the average values were negative, especlally in the upper
section of the small intestine. The secretion of fiber 1n
any organ was, of course, impossible. The dilscrepancy for
this nutrient was minor because of the small negative value

of the fiber digestion when compared to other nutrients.
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TABLE 15.--Average percentage apparent absorption of
dry matter, organic matter and fiber by
sections of the alimentary tract, calculated

by lignin ratio technique, Trial I2

]
Nutrients
ecciore of | _DryMemer fin Voot

Alimentary Tract

Fiber Contents of Rations

Low High Low High Low High

Reticulo-rumen 82 57 ** 84 61 ** 19 L2 »
Abomasum -3 12 5 7 9 6
Upper small

intestine -698 -574 =753 -1097 -14 -33
IS a o s o -5 o
Large intestine 57 37 58 33 16 11
Cecum 60 36 58 33 17 10

Totalb 82 65 %% 84 68 %% 34 50 *

@Nutrients absorption in all sections of gut not signifi-
cantly (P > .05) affected by levels of P fed. The results
broken down according to level of P are not included in
this table.

bcalculated by comparing feed and large intestinal digesta.

*Difference between low- and high-fiber rations significant
at P <« .05,

*#¥Difference between low- and high-fiber rations significant
at P < .01,
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TABLE 16.--Average percentage apparent absorption of
dry matter, organic matter, and fiber by
sections of the alimentary tract, calcu-
lated by 1lignin ratio technique, Trial 112

Nutrients
Organic Van Soest
Sections of Dry Matter  pyafter Fiber

Al t
imentary Tract Fiber Contents of Rations

Low High Low High Low High

Reticulo-rumen 85 81 * 87 81 ** 40 59 **
Omasum -14 -9 -06 -14 -8 -15
Abomasum -3 -51 7 34 - 17 =40
Upper small

Intestine -555 -804  -478 -602 24 -10 *
Lower small

intestine 59 70 61 75 -7 4
Large intestine 48 60 47 55 8 18
Cecum 42 54 * 41 49 6 10 **
Rectum 5 2 10 2 -1 -7

TotalP 86 79 ** 85 79 ** 34 39

@Nutrients absorption 1n all sections of gut not signifi-
cantly (P>.05) affected by levels of P fed. The results
broken down according to level of P are not included in
this table.

bcalculated by comparing feed and feces.

*Difference between low- and high-fiber rations significant
at P< .05.

**¥Difference between low- and high-fiber rations signiflcant
at P « .01.
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Also, the method used to determine fiber was an impirical
one. The Van Soest method (139) used in these experiments
probably includes some insoluble mineral fractions as part
of the fliber.

As the digesta passed from the upper into the lower
small intestine, dry matter, organic matter, and fiber were
absorbed. Further down the tract more absorption occurred,
tthus by the time the digesta reached the rectum about 2-8%
of the fiber and organic matter of the large intestinal
digesta were absorbed prior to defecation (Table 16).

B. Absorption and secretion of phosphorus,
calcium and ash

The results obtained in both trials were very comparable
to each other for the average absorption and secretion of P,
Ca, and ash (Tables 17 and 18). 1In general, the trends of
the absorption and secretion of these nutrients (especlally
in the rumen) were similar to those of dry matter, organic
matter, and filber. More secretion than absorption of P and
Ca occurred in the abomasum for 6 out of 24 and 10 out of 24,
and in the omasum for 5 out of 24 and 14 out of 24 calves in
Trial II (Appendix, Table 11). Based on these values one
could say that the abomasum and omasum absorbed predominantly
more P and Ca than was secreted.

In the upper section of the small intestine there was
a definite secretion of P and Ca followed by an absorption

of P in the remainder of the tract. In Trial II Ca was
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TABLE 17.--Average percentage apparent absorption of
phosphorus, calcium, and ash by sections
of the alimentary tract, calculated by

lignin ratio technique, Trial I®

Nutrients
P Ca Ash
Sections of

Alimentary Tract Fiber Contents of Ratlons

Low High Low High Low High

Reticulo-rumen 66 54 81 54 * 68 52
Abomasum 25 69 46 42 2 34
Upper small -1851 -623 -901 -421 -629 -1622
Intestine

bower igzi;tine 67 66 41 49 53 68
Large intestine 76 66 37 14 76 57
Cecum 70 72 42 17 72 57

Totalb 74 72 78 55 * 68 57

8Nutrients absorption 1in all sectlons of gut not signifi-
cantly (P » .05) affected by levels of P fed. The results
broken down according to level of P are not included 1n
this table.

bCalculated by corparing feed and large intestinal digesta.

*¥Difference between low- and high-fiber ratlons significant
at P«.05.
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TABLE 18.--Average percentage apparent absorption of
phosphorus, calcium, and ash by sectilons
of the alimentary tract, calculated bg

lignin ratio technique, Trial II

=

Nutrients
P Ca Ash
Sections of
Alimentary Tract Fiber Contents of Ratlons

Low High Low High Low High

Reticulo-rumen 37 35 86 78 59 62
Omasum -5 23 -7 -14 34 36
Abomasum 4y 62 % 7 -154 -149 -326
Uppel{nﬁ’é‘iﬁne -1714 -1454 -2152 -291  -576 -485.
Lower small

intestine 76 83 19 53 60 68
Large intestine 70 78 -78 =20 65 80 *
Cecum 59 7 -80 -35 54 72
Rectum - 12 1 8 4 12 20

TotalP 67 T2 76 69 75 76

aNutrients absorption in all sections of gut not significantly
(P >.05) affected by levels of P fed. The results broken
down according to level of P are not 1included in this table.

bcalculated by comparing feed and feces.

*¥Difference between low- and high-fiber rations significant
at P <« .05,
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absorbed in the lower section of the small intestine followed
by a secretion 1n the large intestine and cecum while in
Trial I absorption of this mineral started in the lower sec-
tlon of the small intestine and continued in the large intes-
tine and cecum. There was a slight absorption of Ca in the
rectum before the digesta were voided as feces.

Trends 1In absorption and secretion of ash were similar
to the trends of P and Ca in Trial I and P in Trial II
(Tables 17 and 18).

C. Absorption and secretion of sodium

Sodium was absorbed from the rumen and omasum and
secreted into the abomasum and upper section of the small
intestine and then reabsorbed in the lower section of the
small intestine (Table 19). Up to this point of the tract,
the average values reflected reasonably well the general
trends of Na transfer. From the large intestine to the
cecum and rectum the average values in Table 19 probably
did not give a true picture of the fate of Na. The negative
average values were the results of a few animals (16-24% of
the animals) that had very large secretion values (Appendix,
Table 11). Also, the fact that the total absorption of this
ion was from 68.6 to approximately 100% complete (Appendix,
Table 11) which would suggest that the large average secre-
tion values into the large intestine and cecum were probably

not representative of what occurs in these organs.
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TABLE 19.--Average percentage apparent absorption
of sodium by sectlions of the alimentary
tract, calculated by lignin ratio tech-

nique, Trial II®

v Fiber Contents of Ratlions
Sections of Alimentary Tract

Low High
Reticulo-rumen 22 33
Omasum 64 33
Abomasum -1 -465
Upper small intestine -5283 -36009
Lower small intestine 68 81
Large intestine -6772 -2468
Cecum -15702 -3345
Rectum 58 30

TotalP® 95 85 **

8Sodium absorption in all sections of gut not significantly
(P s .05) affected by levels of P fed. The results broken
down according to level of P are not included 1in this table.

Pcalculated by comparing feed and feces.

**¥Difference between low- and high-fiber rations significant
at P <« .01.
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D. Absorption and secretion of water

Since H2O intake by the calves was not measured the
abscrption of H?O frcm the rumen cannot be determined, but
as presented in Tatble 20, 66-67% of the HQO in the ruminal
digesta was absorbed from the crasum. Appendix Table 11
shows that the individual values for 211 the calves ranged
from 31.2 to 79.5%.

As the relatively dry ovzssal digesta (Lppendix,

Table 4) entered the abcmasum, H,0 was added in%o the abo-
masum; further addition of HQO occurred in the upper section
of the small intestine,

The remainder of the gztrointestinal fract (lower
section of the small irtazstine, large intestine, cecum, and
rectum) reabsorbed the HgO that was secreted by the abomasum
and the upper secticn c¢f the small intestine.

E. Production and absorgticn of volaftile
ffatty acids

The fact that the VFA (acetic, propicnic, and butyric
acids) are prcduced and absorbed in th:z ramen has been known
for a long time (11, 30, 103, 120, and 126). The VFA in the
ruminal digesta, which were rot absorbed in the rumen, were
absorbed further down the gut in the cmasum and abomasum
(Tables 21 and 22). When ruminal acetic, propiocnic, and
butyric acids entersed the cmasum 41, 37, and 16% of these
aclds were respectively absorbed in th2 omasum of calves fed

the low-fiber rations. For the calves that were fed the
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TABLE 20.--Average percentage apparent absorption of
water by sections of the alimentary tract,
calculated by lignin ratio technique,

Trials I and II®

— S

Trial I Trial II
Sections of Alimentary Fiver Contents of Ratilons

Tract

Low High Low High
Omasum -— - 67 66
Abomasum - - -211 -586
Upper small intestine -1774 -1296 -923 -1481
Lower small intestine 55 63 58 62
Large intestine 84 68 80 87
Cecum 81 60 T4 81
Rectum -— -— 26 24

8Water absorption in all sections of gut in both trials not
significantly (P > .05) affected by levels of P fed. The
results broken down according to level of P are not included
in this table.
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TABLE 21. Average percentage apparent absorption of
volatile fatty acids by sections of the
allmentary tract, calculated bg lignin

ratlo technique, Trial I

Volatlle Fatty Acids

Acetlic Proplonic Butyric

Sections of
Alimentary Tract Fiber Contents of Rations

Low High Low High Low High

Abomasum 89 94 98 97 99 99
Upper small

intestine -763 -294  -448 -69 -638 -333
Lower small c c

intestine -2338 -1705 64 69 64 69
Large intestine -149 -14955 -20462 -19046 18278 -8264
Cecum -428 23500 61734 26743 -29797 -10336
Large intestineP u7 24 39 29 16 37

&Values in table are simple averages, no statlstical analyses
applied.

bCalculated by using cecal digesta as the feed and the

dlgesta in the large intestlne as the feces.

COne out of 24 calves had a large negative value. Thils was
not included 1n the average shown here.
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TABLE 22.--Average percentage apparent absorption of
volatile fatty acids by sections of the
allmentary tract, calculated by lignin

Sections of

Alimentary Tract

ratio technique, Trial II?

Volatile Fatty Acids

Acetic

Propionic

Butyric

Fiber Contents of Rations

Low High Low High Low High

Omasum 41 48 37 53 16 48

Abomasum 54 34 90 73 87 56
Upper small

intestine 21 -537 -11181 -3434 -479 -861

O ntest Ine -1215  -949 91 5 59 ¢ 75

Large intestine -3502 -2954 -7255 -3273 -3694 -3387

Cecum -3716 -4877 -9412 -7039 -4476 -L4558

Rectum 17 16 9 11 15 16

Large intestine® 10 27 14 27 - 8 19

a
Values 1n table are simple averages, no statistical analyses

applied.

Pcalculated by using cecal digesta as the feed and the digesta

in the large intestine as the feces.

®One out of 24 calves had a large negative value.

was not included in the average shown here.

This value
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high-fiber rations the absorption of the acids listed in
the same order were 48, 53, and 48%.

Further absorption of VFA occurred in the abomasum
(Tables 21 and 22) so that by the time the digesta left
this organ the concentrations of VFA were very low (Appendix,
Tables 6, 7, and 8). This low concentration of VFA in the
abomasal digesta influenced the values of production obtained
for the upper section of the small intestine. Any slight
Increase 1n the concentration of VFA in the upper small
intestine when compared to the low concentration in the
abomasum gave a very large production percentage value. The
Importance of the small intestine in either production or
absorption of VFA was, therefore, over emphasized by the
values gliven in Tables 21 and 22, On the other hand, the
production of VFA iIn the large Intestine and cecum was
reasonable and very important. The 1importance of the large

intestine and cecum 1n contributing VFA as energy sources willl

be dlscussed in Section XIV.

F. Production and absorption of lactic acid

The omasum partilally absorbed the lactic acld from the
ruminal digesta. The amount absorbed was probably insignifi-
cant since there was a low concentration of lactic acld i1n
the ruminal digesta and a large variation among concentrations
found in individual calves (Table 23 and Appendix, Table 9).

The abomasum and upper section of the small intestine

secreted or produced the major portion of the lactic acid in
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TABLE 23. Average percentage apparent absorption of
lactic acid by sectlions of the alimentary
tract, calculated by lignin ratio technique

Trials I and II12P

— e — — — — ——— — —— — — — ——  —  — ——  —

Trial I Trial II

Sections of Alimentary Fiber Contents of Ratlons
Tract
Low High Low High

Omasum - --- 8 60
Abomasum -—- - -788  -1480
Upper small intestine -6319 -15956 -21614 -10153
Lower small intestine 43 79 67 7
Large intestine 97 89 96 97
Cecum 96 82 96 95
Rectum --- --- -2 -13
Large intestine® 19 -78 -7 3

8Trial I, values 1n table are simple averages, no statilstical
analyses applied.

bLactic acid absorption 1n all sections of gut in Trilal II
not significantly (P> .05) affected by levels of P fed.
The results broken down according to level of P are not
included in this table.

CCalculated by using cecal digesta as the feed and the
digesta 1In the large intestine as the feces.
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the entire gut. What the abomasum and upper small intestine
produced, the remainder of the tract (lower section of small
intestine, large intestine and cecum) absorbed.

XI. Importance of Rumen Relative to Total
Digestion of Nutrients

The rumen accounted (% nutrient digested in the rumen
+ % total digestibility of nutrient x 100) for 88 to 103% of
the total dry matter and organic matter and 58 to 148% of the
total flber digested when lignin was the indicator used in the
ratlio technique (Table 24). The rumen also accounted for more
than 50 to 148% of the total absorbed P, Ca, and ash. The
corresponding values for these nutrlents decreased when
Cr203 was used in the ratio technigue (values enclosed in
parentheses, Table 24),

More P, ash, and flber were secreted into the rumen
than absorbed from the rumen when calculated by the Crp0O3
ratio technique but by using the lignin ratlio technique more
of these nutrlents were absorbed than secreted. The absorp-
tion of Na from the rumen amounted to only 23-38% of the
total absorbed which was much less than the percentage

absorption of P, Ca, or ash (Trial II, Table 24).

XII. Total Collection Versus Lignin Ratlo
Technique

The validity of using either total collection method

or lignin ratlo technique in the study of digestibility of

feed by animals has been thoroughly lnvestigated by other



93

TABLE 24.--Percentage of the total digestion
accomplished in the rumen, Trials

I and II
Trial I2 Trial II
Nutrients Fiber Contents of Rations

Low High Low High
Dry Matter 99.5 (L42.2) 87.9 (27.2) 98.7 102.2
Organic Matter 99.7 (44.2) 89.3 (32.3) 101.2 102.5
Fiber 57.9 (b) 83.4 (b) 115.4 148.1
Phosphorus 89.1 (b) 75.2 (b) 56.2  48.3
Calcium 104.0 (36.2) 97.2 (21.6) 113.6 113.6
Ash 100.5 (b) 91.5 (b) 79.7 80.7
Sodium - -—— 23.0 38.4

&values in parentheses obtailned by using chromlic oxlide as
the indigestible marker; those not enclosed in parentheslis

were obtained with lignin.

PThe digestion in the rumen was negative when chromic oxide
was used as the indigestible marker (Tables 28 and 29).
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workers (72 and 73). Both methods are accurate for the
determination of total digestibillity and well accepted by
most workers as shown by the frequent usage of these
methods. Since lignin ratio technique 1s an acceptable
procedure for the estimation of total digestibility 1t

was reasoned that this technique would be just as acceptable
for measuring changes between successive sections of the
gastrolintestinal tract.

The average total dlgestibllity of nutrients calculated
by the total collection method and by the lignin ratio
technique were 1n general very similar and within the range
of normally accepted values (Tables 25 and 26). The lignin
ratio technique values were greater for every nutrient than
those calculated with the total collection method. Reasons
for the percentage digestibility of P calculated by the
lignin ratio technique beling smaller compared to dlgestibillty
calculated by total collectlion method are not apparent. Even
assuming that the values calculated by the two methods are
somewhat different for total digestibility this does not
invalidate the use of the technique to determine absorption
and secretion between adjacent organs. An Iimportant method
of proof to indicate that the various nutrients did not
change forms or characteristics so as to affect the values

obtained for their concentration necessary for the calculatilon
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of digestibility in the varlous sections of the gut 1s to
assume that the amount of lignin voided in the feces equaled
the amount consumed. The average total digestibility of

the varlous nutrients calculated by the lignin ratio tech-
nique with the assumptlon that lignin intake equaled lignin
output were almost 1ldentical to those calculated by total
collection method (Tables 25 and 27).

XIII. Lignin Ratio Versus Chromic Oxide
Ratlo Technique

The main difference between results obtained by Cr203
and lignin ratio technique was an appreciable decrease in
the digestibillity of nutrients in the rumen when Cr203 was
used as the 1indigestible tracer (Tables 28 and 29 compared
with Tables 17 and 18). Fiber, P, and ash had more net
secretion than absorption in the rumen when Cr203 was used
as the tracer. The rumen was the only organ where secretion-
absorption values obtained by the lignin and chromic oxide
ratio technique were not in agreement and thils was true for
dry and organic matter, fiber, P, Ca, and ash but not for
any of the VFA and lactic acid (Tables 30 and 31). Values
obtalned for other sectlons of the alimentary tract
calculated by either Cr203 or lignin ratio technlque were
comparable for every nutrient determined (Tables 28, 29, 30,
and 31 compared with Tables 15, 17, 20, 21, and 23).
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TABLE 28.--Average percentage absorption of dry matter,
organic matter, and fiber by sections of the
allmentary tract, calculated by the chromic

oxide ratio technique, Trial I2

Sections of
Alimentary Tract

Dry Matter

Organlic
Matter

Fiber

Fiber Contents of Rations

Low High Low High Low High
Reticulo-rumen 34 20 37 21 -210 -97
Abomasum 51 10 * 53 10 54 - 1 *%
Uppeini@?%ime -240 -476  -250 -452 55 -30
Lower small
intestine 56 69 62 79 8 23
Large intestine 42 34 38 32 -12 3
Cecum 42 21 50 30 -17 -10
Total 81 73 84 65 33 Ll

aNutrients absorption in all sections of gut not signifl-
The results
broken down according to level of P are not included in

cantly (P > .05) affected by levels of P fed.

thils table.

*¥Difference between low- and high-fiber rations significant

at P <« .05.

*¥Difference between low- and high-fiber rations slgnificant

at P « .01.
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TABLE 29.--Average percentage absorption of phosphorus,
calcium, and ash by sections of the alimen-
tary tract, calculated by chromic oxide

ratio technique, Trial IAa

Nutrients
P Ca Ash
Sections of
Alimentary Tract Fiber Contents of Rations

Low High Low High Low High

Reticulo-rumen -4y -12 28 12 -24 -14
Abomasum 70 43 70 31 35 52
Uppe‘ini’?i%ine -700  -593  -231 =406 -199  -1343
Lower small
intestine 68 76 38 67 4g 76
Large intestine 66 71 35 6 64 57
Cecum 62 67 25 -9 60 48
Total 76 66 78 55 70 54

@Nutrients absorption in all sectlons of gut not significantly
(P > .05) affected by levels of P fed. The results broken
down according to level of P are not included in this table,
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TABLE 30.--Average absorption of volatile fatty acids
by sections of the alimentary tract calcu-
lated by chromic oxide ratio technique,

Trial I8

R e e e e e e e ———
Volatlle Fatty Acids

Acetic Propionic Butyric
Sections of

Alimentary Tract Fiber Contents of Rations

Low High Low High Low High

Upper small

intestine - 117 -39 --134 48 - 210 - 139
Loweri‘nizl:%ine -2680 - 1465 60 75 ¢ 60 60 ¢
Large intestine - 251 -25838 -27966 -25810 -25303 11718
Cecum - 507 -25255 -55273 40005 -30503 -16528
Large intestine® 49 32 42 35 20 40

8Values in table are simple averages, no statlstlcal analyses
applied.

bCalculated by using cecal digesta as the feed and the digesta

in the large intestine as the feces.

Cone out of 24 calves had a large negative value. This value
was not 1ncluded in the average shown here.
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TABLE 31.--Average percentage absorption of lactic
acid and water by sections of the alimen-
tary tract, calculated by chromic oxide

ratio technique, Trial I@

- Nutrients

Lactic Acid Water

Aliiggg;g;sngct Fiber Contents of Ratlons

Low High Low High
Upper small intestine -6319 -15956 -574 -1010
Lower small intestine 43 79 51 T4
Large intestine 97 89 78 64
Cecum 96 82 72 LE
Large intestineP 19 - 78 27 31

aValues in table are simple averages, no statistical
analyses applled.

bcalculated by using cecal digesta as the feed and the
digesta 1n the large Intestline as the feces.

4

7

J}f

e fbtscorbed Volatlle

cla

XIV. aloric Value cf
Fatt

LY

,\
[}

[N

An attempt was madc to estirmste the caloric value of the
absorbed VFA from the data cbtained In Trial IL. The method
used has never been emnployed by other investigators to estml-
ate energy suppllea by VFA cr other nutrlents absorbed from
varlous organs of the allimenteary tract and 1s presented as a

model.
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The method involves certain assumptions; some of the
assumptions could have been varified to some degree 1if proper
experimental measures had been taken. The assumptlons in-
volved will be pointed out as the method 1s explained. The
followling discussion 1s, therefore, intended only to illus-
trate a method which may be useful in estimating the amount
of VFA absorbed from sections of the gut.

Information necessary for the construction of Figure 3
is given in Table 32. The concentraticn of the three vola-
tile fatty acids and the amount of dry matter 1in each organ
were the averages found for the 24 calves used in Trial II
(Table 32). The concentration 5f each acid was plotted as the
ordinate on the semi-logarithm paper agzainst time in hours as
the abscissa. Each line was drawn from two points, either
rumen at elght hours and omasum at 16 hours or cecum at 16
hours and feces at 24 hours. The points at the 16 and 24 hours
correspond respectively to the concentrations of the VFA found
in the omasum and cecum when the calves were killed (16 hours
after the last meal) and for the concentration of VFA in the
feces. The rumen value was placed at 8 hours based on the
assumption that the material measured in the omasum at 16 hours
had spent an average of 8 hours in the rumen. The time used to
place the point for the concentration of the VFA in the rumen
1s very important because the initial or zero time concentra-
tion is dependent on the extrapolated value.

The zero time concentration obtained was used in the
-Co -Kt
K e

following function: f = -1
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Figure 3. Method of Calculating the Initial Concentration
of Volatile Fatty Acids (CO) in the Ruminal and Cecal
Digesta.
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total integrated decrease in VFA concentration from
O to 24 hours after feeding;

where f

Co, = concentration of VFA at the zero time;

e = natural logarithm;

t = 24 hours or approximate average transit time of
feed through the gastrointestinal tract;

K = .0577 a constant derived by the following relation-
ship ¢ _ .693 )
T 1/2

T 1/2 was assumed to be 12 hours, cor the one-half time between
O and 24 hours, the length of time interval used to collect
fecal output. Thils equation was derived by integrating the
exponentlal equation Cy = CO e -Kt from zero to 24 hours where
Ct = concentration of VFA at any time between zero and 24 hours.
The exponential equation was found to best describe the curve
made 1n another experiment to study the rate of disappearance
of dry matter in the rumen from 14 different forages using
the nylon bag technique (Yang and Thomas, 160).

Co was obtained from Figure 3, f was then calculated and
the amount of VFA absorbed was assumed to be the product of f
times the amount of dry matter in the rumen or 1n the cecum.
The amount of dry matter 1n these organs was assumed to be a
constant with time after feeding and the values used were the
averases found for the 24 calves in Trial II. Uslng the average
data given on the lower half of Table 32 the VFA absorbed from
the rumen supplied 55% of the tctal net energy required for
maintenance and growth while the cecum supplied 7.4% or a total

of 62.4% from the two organs. Fifty per cent of the energy
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came from acetic acid and the remaining 50% from propionic and
butyric acids. The rumen and cecum supplied 88 and 12%
respectively of the energy derived from absorbed VFA.

If the VFA concentratlons found in the rumen at 16
hours (Table 32) were assumed to be the initial concentrations,
Cos (no decrease in concentrations due to time) then the
minimum energy equivalent of the absorbed acetic, propionic
and butyric acids would respectively be 13.9, 9.3, and 0.4
per cent of the energy necessary for maintenance and growth.
The total would be 24% compared to 55% using the calculations
and assumptions in the preceding paragraphs.

The above data, using the average of the 24 calves can
be compared to that of Sutherland et al. (126) and Stewart
et al. (122). They found 63-76% of the maintenance require-
ment coming from VFA absorbed from the rumen. The two
estimates 1n the present experiment were 141 and 61% of the
maintenance requirement. When the same procedure was applied
to the data from the individual calves the net energy suppliled
by the rumen ranged from 21.7 to 321.8 and by the cecum from
1.3 to 63.6% of the energy for maintenance and growth (Appen-
dix, Table 12). Because of the numerous measurements neces-
sary for the calculation, and the fact that the experiments
were not planned to estimate caloric values of absorbed VFA,
the large variation observed for individual calves was not

surprising.



CHAPTER V
DISCUSSION

From a physical view polnt, a larger quantity of the
low-fiber ration should have been consumed by the calves
than the high-fiber ration since the capacity of the rumen
was the same for both groups. The low-fiber rations were
about two times as dense as the high-fiber rations, but the
latter did not appreciably stretch the rumen wall. Further-
more, the calves in both trials were able to digest the low-
fiber rations more than the high-fiber rations as measured
by apparent total digestibllity. The calves fed the low-
fiber rations, therefore, did not have to consume as much
dry matter to derive equal energy as the calf fed the high-
fiber rations.

In Trial I the attempt to feed P according to body
welght failed. The predetermined levels of 1.8, 2.3, and
3.0 g P/100 1b body welght dally were increased to 3.01,
3.11, and 3.41 g respectively. The primary purpose of the
experiment was not accomplished because of the higher than
expected P concentration in the baslc rations, but the data
suggested that the amount of P recommended by NRC (98) of six
g P for a 100 1b calf is above requirement. Differences were

not significant in feed consumptlon, body weight gain, and

108
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blood and bone characteristics of the calves fed the three
levels of P in Trial I. 1In Trial II where P was fed as a
percentage of the ration, the amount of P needed by the calf
immedlately after weaning (30-87 days) was much lower than
the amount recommended by NRC (98). The difference 1in
response to P levels near 0.135, 0.196, 0.222, and 0.291%
of dry matter was small except in bone growth. Considering
both trlals the P requirement of calves weighing 100 to 200
1b at an age of 30 to 87 days was near 0.20% of the dry
ration. Increasing the experimentally determined require-
ment by a "safety factor" of 25% seems reasonable. This
would mean that 0.25% P of the dry ration would be sufficient
for calves weighing 100 to 200 1lb at 30 to 84 days of age.
The percentage distributlon of dry dilgesta in respec-
tive sectlons of the allmentary tract of calves fed the
low-filber ration was similar to that of calves fed the high-
fiber ration wilthin each experiment. However, there was a
difference between the calves in Trials I and II in the dis-
tribution of dry matter 1n respectlve sectlons of the alimen-
tary tract. The differences 1in the percentage distribution
of dry matter 1in sections of the allimentary tract of the
calves in the two trlals could have been caused by the differ-
ences In the ingredlents used in making the rations. Even
with the wide ranges observed the percentage distribution of
dry matter 1In the rumen of calves 1in the present experiments

(Trial I 51-55, Trial II 72-73%) was comparable to results
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(58-75%) obtalned by several other investigators (7, 20,

and 108). Boyne et al. (20) found 75 and 60% of the total
dry matter in the whole alimentary tract was in the rumen

of sheep killled 1mmedlately or 12 hours after feeding.
Rogerson (108) reported that the rumen contailned 57.6, 59.9,
and 73.0% of the dry matter of the entire alimentary tract
of sheep fed all grass hay, grass hay plus cassava meal, and
all corn grain dlets respectively. Similar results were also
obtained by Badawy et al. (7). Furthermore, the welght of
dry digesta found in the sections and entire alimentary
tract of the calf was very close to that of sheep reported
by Badawy et al. (7), Boyne et al. (20), and Rogerson (108)
but was lower than that found for mature cattle killed with
feed not withheld by Elsden et al. (42).

Wardrop and Coombe (149) reported a constant ratio of
ruminal digesta volume to abomasal digesta volume and that
the welght of the abomasal contents was relatively constant
with age. These claims were not confirmed in the present
studies where welght of digesta was used rather than volume
to obtain this ratio. A closer review of the paper (149)
revealed that thelr data d1d not substantiate thelr claims.
In addition to the wilde ranges 1in the ratios obtalned by
dividing ruminal digesta by abomasal dlgesta on wet or dry
basis, the ratio was also variable when omasal digesta was
used Instead of abomasal,

Correlation (r = +0.46) between rumen retention time

and feed consumption was 1in accord with the results obtained
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by Thomas et al. (130), although the usefulness of the rela-
tion to predict rumen retention time 1s limited because of
the small r value.

In Trial I lower pH was observed 1n the ruminal digesta
of calves fed the high-fiber rations compared to those fed
the low-fiber rations. The significance of this difference
1s not known. The great difference in pH observed could
have been caused by a difference in the amounts of VFA found
in the ruminal digesta (405 versus 1140 millimoles VFA for
calves fed low- and high-fiber rations respectively). The
difference 1n pH was not caused by the difference in ash con-
tent in the ratlons slnce they were comparable (Table 1).

The Iimportance of VFA in ruminant nutritlon has been
recognized for a long time by numerous investigators (11, 33,
42, 43, 52, 54, 91, 102, 104, 122, and 126). Changes in VFA
concentrations and molar percentage distributlon in the
rumen were usually the measurements made in order to study
the effect of dletary treatments (44, 78, 79, 103, 126, and
159). Since the estimation of the absolute amounts of VFA
In sectlions of the alimentary tract requires the sacrifice
of the experimental subJects only a few such reports were
avallable (42 and 122). 1In the present experiments, the
total VFA present iIn the entire alimentary tract ranged from
345,0 to 1632.2 with an average of 772.5 millimoles in Trial
I and from 324,7 to 1337.2 with an average of 647.0 milli-
moles in Trial II. The wilde ranges in the total VFA found
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in the entire alimentary tract were due both to the varia-
tions 1n total digesta and VFA concentration in the tract
at the time of slaughtering. The coefficients of varlation
for the VFA concentration were for acetic 43.7, 35.9, prop-
ionic 23.4, 49,1, and butyric 68,3, U4L4.4 respectively for
Trlals I and II and for the total ruminal wet digesta 27.7
and 35.9%. In Trial I, larger amounts of VFA (1140 versus
405 millimoles) were found in the rumen because of the larger
amounts of ruminal digesta in calves fed the high-fiber
rations as compared to those fed the low-filber rations (790
versus 478 g of dry digesta per 100 1b body weight). Further-
more, the concentratlion of VFA was somewhat higher for calves
fed the high-flber ratlions than those fed the low-fiber
rations (Appendix, Tables 6, 7, and 8). The higher concen-
tration of ruminal VFA in the calves fed the high-fiber
rations could have been related to the rate of VFA production.
The concentration observed at time of slaughter may have
been nearer the peak of production of VFA in calves fed the
high-fiber rations than those fed the low-fiber ratlons.
Elsden et al. (42) reported that more than 85% of the
total VFA of the entire alimentary tract was 1n the reticulo-
rumen of sheep, cattle, and deer killed without a prior
period of fast., After fasting the calf for 16 hours the
reticulo-rumen contained on the average 84.5 and 57.9% of
the VFA found in the entire tract of the calf in Trials I

and II respectively. The difference 1n the percentage
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distribution of VFA in the reticulo-rumen between the two
trials was princlpally caused by the difference in the per-
centage distribution of digesta in the two trilals. The
gmount of VFA present in the omasum was about 8.5% of the
total in the entire tract while the abomasum and small in-
testine contained only 1-2% of the total. A secondary rise
occurred 1In the amount of VFA 1n the large intestine and
cecum., The small amount of VFA in the abomasum and small
intestine of calves 1n the present experiment agreed with
the results found by Conrad et al. (29), Ward et al. (144),
and Kumeno and Nishimatsu (91). The concentration of VFA
in the large intestline and cecum of calves 1n the present
trials was ashigh or higher than the concentration in the
rumen and agreed wlth results obtailned by other investigators
(29, 78, and 144).

The major portion (54-79% of the total) of the lactic
acld in the gastrointestinal tract was found in the small
Intestine unlike the VFA which were found only 1n traces 1n
this sectlon of the tract. The distributlon of lactic acid
was very simllar for most respective organs except the rumen,
between the calves in Trials I and II. The difference in
distributlion of lactic acid in the rumen of calves 1in Trilals
I and II could have been caused by a difference 1n substrates
available for microbial degradation, although the method
used to determine lactic acid (Barker and Summerson, 12) is

not specific for lactic acid. The color development was
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found to be influenced by several compounds 1ncluding dihy-
droxyacetone, glyceric aldehyde, malic acid, rhamnose and
propylene glycol (12). The fact that several compounds
interfered 1n the determinatlon of lactic acid should not
Invalidate the results obtalned in the present experiments
unless, of course, when the interfering substances were in
some organs and not 1in others.

The estimation of the extent of absorption and secre-
tion of nutrlents in sectlons of the alimentary tract by the
use of the marker ratio technique involves certain assump-
tions. These are: (1) The marker moves from one organ to
another in the same proportlon as the nutrient under investi-
gation. (2) The marker 1s indigestible. (3) The flow of
digesta 1s always aborally. (4) The digesta do not interfere
with the chemical determination of the marker and nutrient
of interest.

Digestibillity values of dry matter and fiber determined
by the lignin ratio technlque are 1n agreement with values
obtained by other investigators for the rumen (57, 58, 59, 9,
and 23). However, the results obtained for P and Ca absorp-
tion in the rumen by the lignin ratio technique are not in
agreement with those obtalned by other workers (26, 38, and
100). This discrepancy could have been due to the consump-
tion of wood shavings by the calves which increased the
lignin concentration in the rumen. An increased concentra-

tion of the lignin in the rumen probably caused the large
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absorption values obtained for P, Ca, and ash when feed was
compared to the ruminal content or feces. Since the values
calculated by the 1lignin and Cr203 ratio equatlon were com-
parable for all sectlons of the alimentary tract except the
rumen and the entire tract (feces) proved that the consump-
tion of wood shavings by the calves did not invalidate
comparisons of successlve sectlons of the alimentary tract
with the lignin ratlo equation. For example, the average
absorption values for organic matter in the upper and lower
sections of the small intestine, large intestine, and cecum
were -925, -301; 70, 71; 46, 35 and 46, U40O% respectively for
lignin and Crp03 as the indlcators. Another reason for the
discrepancy between the values calculated by the two markers
for the rumen could have been due to a conslstent error which
increased the lignin concentration in the rumilnal digesta.
There was the possiblility that llignin passage from the rumen
was not 1in proportion to the passage of other components of
the dilgesta.

Digestibility values of nutrlents 1n other sectlons of
the alimentary tract estimated by the marker ratio equation
as presented in thils study can not be compared logically with
values obtalned by some methods, especlally by cannulation
since the latter method yields Information or results of
digestion of nutrients in the entire sectlon of the tract
anterior to the cannula.

When the CrpO3 ratio (Trial I) equation was used to

compare feed and the abomasal digesta, the average dry
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matter absorbed in the forestomachs was 60% of the amount
fed. Similarly, 38% of the ash in the feed disappeared in
the forestomach. The percentage disappearance of dry matter
in the forestomach of the present experiments agreed with
those (25-70%) reported by Hogan and Phillipson (65) and
McGilliard (93). Other methods that use radioactive nutri-
ents 1n vivo or in vitro measure only rates of transfer
either into or out of the alimentary tract. If both the
Influx and efflux rates of a nutrient 1In a section of the
alimentary tract were known, then the overall rate of absorp-
tion or secretion can be calculated. Unfortunately, the
author has not been able to find any report that includes
measurements of absorption and secretlon rates simultane-
ously in sections of the alimentary tract.

Chandler and Cragle (26), Hansard et al. (60), and
Smith et al., (120) reported that the main site of Ca secre-
tion was iIn the small Intestlne. More secretion than
absorption of Ca was definite in the upper sectlon of the
small intestine of calves in Trials I and II of the present
experiment.

The lower total Ca digestibility observed (Tables 17
and 18) for calves fed the high-fiber rations than for
calves fed the low-flber rations could have been caused by
a binding effect of the fiber or related portion in the
ration. When the source of fiber was soybean flake, the

reduction in Ca digestibllity was greater and more consistent

e
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among calves (Trial I) than the reduction in digestibility
due to Solka Floc as the source of fiber (Trial II).

Parthasarathy (100), Parthasarathy and Phillipson
(101), and Dobson (37) have found that Na was absorbed from
the rumen, small intestine, and cecum. Smith (116) found
that no net absorption of Na occurred as compared to Na
ingested when digesta was collected from the abomasum; 40%
when collected at the end of the small intestilne, and
almost complete at the large intestine. 1In the present
experiments absorption of Na took place in the rumen, omasum,
lower section of the small intestine, and rectum while secre-
tion took place in the abomasum, upper sectlon of the small
intestine, large intestine, and cecum,

Most studles on VFA absorption have involved the rumen
(4, 30, 35, 43, 46, 55, 89, 115, 122, and 137) and results
obtained were expressed in some terms of rate of absorption
or energy avallable from the absorbed VFA., Gray et al. (56)
and Johnson et al. (69) recently measured the absorption of
VFA from the omasum. Gray et al. (56) reported that the
omasum of sheep absorbed 40-69% of the VFA in the digesta
from the rumen while Johnson et al. (69) reported 51%.
These values are 1n close agreement to those obtalned in the
present experiment (acetic 41-48, propionic 37-53, butyric
16-48%). An examination of the VFA concentrations alone
suggests that VFA were also absorbed in the abomasum (29,
78, and 144)., Johnson et al. (69) found that 83% of the



118

VFA from the omasum disappeared in the abomasum. From the
current experiments values for Trials I and II ranged from
L4y to 99%.

The fate of VFA in the small intestine of calves in
both trilals was varlable and probably not quantitatively
important because of the low concentration of VFA in the
abomasum and small intestine. However, the production of
VFA in the large intestine and cecum was important since a
portion was found to be absorbed in the rectum. The produc-
tion of VFA in the large intestine and cecum was also sub-
stantlal because of the high concentration of VFA in these
two sections and because of the amount of VFA found 1in the
feces, An average of U461.5 millimoles of VFA was excreted
each day. The average molar percentage distribution of VFA
in the feces was 68.5, 21.9, 9.6 for acetlc, propionic, and
butyric acids respectively.

All sections of the alimentary tract except the
abomasum and upper section of the small intestline have been
found to absorb H,0. The abomasum and especlally the upper
section of the small intestine secreted large amounts of
HoO. The secretion of HpO in these two sectlons of the tract
is partly in accord with that reported by Rldges and Singleton

(107) and Hogan and Phillipson (65).



CHAPTER VI
SUMMARY

Eleven and 24 male Holsteln calves were used respec-
tively 1n Trials I and II to study the dietary effects of
phosphorus and fiber on the performance of calves from
birth until 12 weeks of age. Body weight gains, feed con-
sumption, blood serum levels of phosphorus, calcium and
phosphatase activity, and percentage of fat-free rib bone
ash were not appreciably influenced by feeding the calf
3.0, 3.1, or 3.4 g of phosphorus per 100 1lb body welght
(Trial I), or rations containing 0.135, 0.195, 0.222, or
0.291% phosphorus (Trial II). At slaughter (13 weeks old)
bone mass (g of rib bone ash/unit body weight) was greater
for calves fed 3.4 g P/100 1b body welght or rations con-
taining 0.222% P than for calves fed other levels of phos-
phorus,

The calves consumed significantly less dry matter per
unit body welght when fed the low-fiber rations (10% fiber)
than the high-fiber rations (33% fiber) (Trial I). Similarly,
in Trial II much less of the ration contalning 9% fiber was
consumed than of a ration contalning 20% (P < .0005).

Followlng the 12-week performance perilod, the calves

in Trial I were fed CrpO3 for one week by means of capsule
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and bolling gun and 1n Trial II the calves were fitted with
collection bags for total collection of feces. All calves
were fasted for 16 hours and killed at the end of the 13th
week and thelr gastrointestinal tract was separated into
reticulo-rumen, omasum, abomasum, upper and lower small
intestine, large intestine, and cecum and the tissues and
contents 1n each organ were welghed and sampled separately.

The percentage distributlon of dry digesta 1in respec-
tive sectlions of the alimentary tract was similar for
calves fed the low- and high-fiber rations within each
trial, In Trial I, the percentage distribution was on the
average for the rumen 71.5-72.8, omasum 3.6-3.7, abomasum
8.1-8.2, upper small intestine 3.2-3.4, lower small intestine
3.4-3,8, large intestine 4.5-6.6, and cecum 3.5-3.7. The
percentage distribution listed in the same order for Trilal
II was 51.,4-54.,9, 15.8, 3.3-4.6, 4.1-4.8, 4.7-5.3, 11.0-14.8,
and 4.6-5,0.

The absolute amount of dry digesta found in the alimen-
tary tract was greater in calves fed the high-fiber rations
than 1n calves fed the low-filber rations in both trials. 1In
Trial I 667.9 and 1084.1 g of dry digesta per 100 1lb body
welght were found in the entire alimentary tract of calves
fed low- and high-fiber rations respectively, while in Trial
II the weights of the dry digesta were 687.4 and 701.6 g.

The welght of the wet digesta in the rumen was correlated

(r = +0.57) with wet weight of the daily feces. Also, rumen
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retention time (dry ruminal digesta : daily dry matter con-
sumption) was correlated with dally dry matter consumption
(r = 40.46). There was no constant ratios between wet or
dry ruminal, omasal, and abomasal digesta.

The wet welght of the upper small intestinal, cecal,
and total alimentary tract tissues of calves fed the low-
fiber rations was heavier than that of the calves fed the
high-fiber rations (P € .05). In other sections of the
alimentary tract the tilssue weight was about the same for
the groups of calves.

Feeding the high-fiber rations increased the water
holding capacity of the rumen by an average of 4.5 and 1.2
1b of water per 100 1lb body welght in Trials I and II
respectively. The increase amounted to 14 and 4 per cent
of the total changes for Trials I and II respectively, but
the blologlcal effects, 1f any, from the increase in rumen
capacity are not apparent.

The amount of volatile fatty aclds (VFA) present in
the entire alimentary tract of calves in Trial I ranged from
345,0 to 1632.2 millimoles with an average of 405.0 and
1140,0 millimoles for the low- and high-fiber fed calves
respectively, while in Trial II the range was 324.7 to
1337.2 and the averages were 618.0 and 676.0.

The rumen contained 54.6-87.7 per cent of the total
VFA in the gastrolntestinal tract of the calves 1n both

trials while the omasum contained about 8.5, Practically
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no VFA was found 1n the abomasum and small intestine. The
large intestine and cecum together contained on the average
11.1 to 17.5 per cent of the total VFA in Trial I and 28.0
to 85.7 per cent in Trial II.

In Trial I the average molar percentages of acetlc,
propionic, and butyric acids in the ruminal digesta were
respectively 66, 24, and 10. The average molar percentages
for the calves fed the low- and high-fiber ration in Trilal
II were, respectively, acetic 70.8, 65.2 (P < .05), prop-
lonic 22.9, 26.6 (P < .05), and butyric 6.4, 8.4 (P ¢ .01).
The VFA molar percentage of other sections of the alimentary
tract was not affected by filber or phosphorus levels, Con-
siderable amounts of VFA were found in the large intestine
and cecum and the éverage molar percentages of acetic, prop-
ionic, and butyric acids were respectively 75, 17, and 8 in
Trial I. In Trial II the molar percentages 1in the omasum,
large intestine, and cecum had the followlng ranges: acetlic
69-70, proplonic 21-22, and butyric acid 8-10.

Only 7.1 and 14.5 millimoles of lactic acid were found
in the entlire tract per calf in Trilals I and II respectively.
About 53 and 78 per cent of the total lactic acid in the
entire gastrointestinal tract were in the small intestine of
calves in Trials I and II respectively. Most of the remailnder
was found in the rumen.

The degree of absorption and secretion of nutrients was

determined in eight sections of the alimentary tract by using
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the marker ratio equation (lignin and Cr203, Trial I and
lignin, Trial II) and the concentrations of nutrient in

two consecutlve sections of the alimentary tract. Signifi-
cantly more dry matter and organic matter and less flber
were absorbed in the rumen of calves fed the low-fiber
rations than those fed the high-fiber rations (P < .01).

Dry matter and organic matter were secreted into the omasum,
abomasum, and upper sectlon of the small intestine and then
reabsorbed in the lower section of the small intestine,
large intestine, cecum, and rectum.

The trends i1n the absorption and secretion of phos-
phorus, calcium, and ash in sections of the alimentary tract
were comparable to those of dry matter and organic matter.

Sodium was absorbed in the rumen and omasum and
secreted in the abomasum and upper section of the small
intestine and then reabsorbed by the remainder of the tract.

About 66 per cent of the water from the ruminal digesta
was absorbed in the omasum. Addition of water to the rela-
tively dry omasal digesta occurred in the abomasum and upper
section of the small iIntestine. The water secreted by the
abomasum and upper section of the small intestine was almost
completely reabsorbed by the time the digesta reached the
rectum,

The omasum of calves absorbed on the average 44.6,
44,7, and 31.7 per cent of the ruminal acetic, propionic,
and butyric acids, respectlively. Further absorption of VFA
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occurred 1in the abomasum. The degree of absorption and
secretion of VFA in the small intestine was probably quanti-
tatively unimportant because of the low concentrations in
this sectlon of the tract and in the abomasum. The large
intestine and cecum produced significant amounts of VFA,
part of which was absorbed in the rectum.

Lactic acid was produced in the abomasum and small
intestine and absorbed 1in all other sectlons of the allmen-
tary tract studied.

A method was developed to estimate the caloric value
of the VFA absorbed from the alimentary tract. This method
essentlally involved the calculation of the integrated per-
centage changes of the concentration of VFA between rumen
and omasum, and cecum and feces. Based on the average data
obtained from calves in Trial II the rumen supplied VFA
equal to 55 per cent of the total net energy required for
maintenance and growth while the cecum supplied 7.4 per cent.
Of the total VFA energy 50 per cent came from acetic acid
and the remaining 50 per cent came from proplonic and
butyric acids.

The degree of absorptlion of nutrients by the rumen using
Crp03 was less when compared to lignin as the indicator.
Comparable results were obtalned by using lignin and Cr203

for other sections of the tract.
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TABLE 5.--Total millimoles of volatile fatty acids in the
: whole alimentary tract and the experimental
treatments of calves

Trial I Trial IT
Calf Treat- Calf Treat-
No. VFA ment @ No. VFA ment?P
2 455,8 P1F; 3 324.7 P1Fy
5 373.8 P1F1 10 981.5 P1F1
4 417.1 PoFq 23 534.7 P1Fy :
11 S47.4 P2F1 1 426,1 PoF1 Eﬂa
6 681.9 P3F1 12 790.0 P2F1 ;
10 345.0 P3Fy 18 644.6 PoFq
7  1383.8 P1Fp 5 673.7 P3F
8 909.4 P{F, 16 492,5 P3Fl
3 561.7 PoFp 24 570. 4 P3F ¥
1 1632.2 P3Fyp 25 1136.9 PyFq o
9 971.2 P3F2 26 510.’4 PLl_Fl
4 711.1 P1F,
9 419.6 P1F2
20 482,7 P1Fp
2 506.8 PoFo
11 44,1 PoFo
21 477.8 P,F,
6 1133.0 P3Fp
14 556. 1 P3Fp
19 620.4 P3F2
8 1337.2 PLI_FQ
13 959.4 P4F2
27 432,2 PLF
8piF;, 1.8 g of P/100 1b body wt, 10% fiber ration
P1Fp, 1.8 g of P/100 1lb body wt, 33% fiber ration
PoF1, 2.3 g of P/100 1b body wt, 10% fiber ration
PoF2, 2.3 g of P/100 1b body wt, 33% fiber ration
P3F1, 3.0 g of p/100 1lb body wt, 10% fiber ration
P3F2, 3.0 g of P/100 1b body wt, 33% fiber ration
Pp;Fy, 0.137% P, 8.60% fiber ration
P1Fp, 0.133% P, 17é60% fiber ration
F1, 0.1 P, C fib ratl
$§F5, o.18;% P, Zé.ég% Fiber pation
P3F1, 0.202% P, 8.86% fiber ration
P3F2, 0.241% P, 20.09% fiber ration
PLF1, 0.297% P, 9.05% fiber ration



148

f1°Get 9 0OfT G°'QTT q q 1S o°'gh 0°69 Ge
98T 2l 1 €L q q G*'G 1°96 G°LL e
O°TET 2 HST 6°geT LA q 20T €°€9 6° 1S 91
€12t G lE2 L 16T 0°gt 2’9 L 81 6°08 L' %9 -
1 h7lT L 19T 9°0.LT AR dt q 9° L1 8°19 L°€G 81
6°gL T°2ET1 9°let G°CI q 9°'6 2 65 f1° TG el
L°LET 9°'1QT € Eq1 G°6 6"t f°ee 2°'gl fr°Ct T
G°9oQT f1°68T L {91 t1°€e q €901 6°6. 8°9G 15
0°2tT 220t 8 lET 1°8 G°g T°471 2 €l 1" %S cl
L HST 9°LST 0°¢tl 8°0T G2 0° .1 2°¢6 o°ct €
(Tetaajew 33M 3/S3TOWOIOTW) II TBTIL
0" 0N €°€h 6°0 q- (O 1/ o 9°¢tl 6
L°T9 9°¢h g9°2e 9°C 0°g o 6°96 T
2°GlL 8°6G T°0 2°'e c°e ) 795 €
c°8S c°l9 q q €°e o G°29 8
G°99g T°GG 8 € q 8°9 2 G4l L
g-cl L2l °e q 2°¢ o g°¢ce (02
T°69 8°GL t°8 2 e 2°Ct o 6"t 9
Cc S8 G°'C9 £°¢ q AR ) 8°.l2 T
9°%9 9't8 9° §°C 9°¢ 2 6°62 fr
1°.8 T°16 9°¢ L°C 6°C o T°1¢ q
9°G9 q Gl G'1 c°¢ o (OR ¢ e
(Tetaajew 39M 3/SOTOWOIOTW) I TBTIL
s9094 wnoa) 9UT3S83uUI JUT3ISIJ3UT SUTJSdjquI  uwmseuwoqy ums euQ uaumy *ON
93ae7] TTRUWS TTRWS J1ed
JI9MO] Jaddn

10eJ], AIRJUSWITY JO SUOT309S

pS9ATERD JO S303J pue

SUO0T309S AJejUSW[TE WOJJ PIUTE3qo B3SSJTP U SUOTIBJIZUIOUOD PTOR DT33d¥--°9 HTAVL



149

—— 4
i . o~ .. ...
‘IpeuW UOT3eUTWII33pP OZO
*UOTJBJIJUSDUOD 3DBILq
"SOATEOD JO sjuaujead] JOJ m 29TqeI JO S230Uj3007J wwmm
9°G9T 9716 9°9CT 811 q 0°'g 6°8h 2 1S L2
9°T¢T 9641 S 191 "L q 24t 9°GE 266G €1
0°20T @g°€zat G911 q q 8°GT 9 46 G €L 8
6°61T 0°C6I L°LGT 2°'9 q 0°0CT 1° 911 €°€9 61
#°TIGT g°l2t g9°9e1 f°9 q G°q Q€Y G-zt a
8°ChT  £°GET 0°6z1 2°'6 f1°L L°GT 0°LTT T°€0T 9
L68T £-°gel g ¢eT q q q L° TG T°6€ 12
#°16T  0°Get 9°6¢£1 q f1°G T°11 f1°9€ T 14 T
G*LET 2°Go1 € TIET °6G o] G°6 0°CS 0°ge 2
2°09T 9°TIET 0641 €°9 q f1° L T°16 6°GE c2
6°6LT L°)2t O AAN e q q 9°62 g 02 6
0°.6 8 61 S eqt L2t q 6° 41 L Ly L°09 7
€£'9ct L2l AN G°6 q 9°9 928 6°92 JA
G°9ST  G'.ET T°6T1 Lot q T°1 ity 8°g8¢t 92
SEBER wnos) SUT3S§93UT SUT3S93UT  SUT3Sa3Ul umsewoqy unseuQ uauny *ON
33ae] 1TRWS 1TBUWS JTEeD
JI9MOT gaddn

30BJ], AIBRQUAWITY JO SUOT303S

PaNUT JUCD--"9 FIAV.L



150

6t 6°11 o0°eE q T°T q 2 61 g2t Ge
0" LS 9°12 2 o2 q L2 q L°61 L°ce e
2°9% 2°Cc9 9 't q 8°2c 0°2 0°91 9°ce 91
0°9t 1°98 e el q 8°6G q €°Ge I°€e  §
1 1 G gt Q°6¢€ 2'e C°€ q G°ge L4t gt
L4t 8 ft 9°0¢ q €°¢ q rARAL 1°6 AN
Gty €£°69 A q LT t°G f1°ge L 9T T
2 Ge 2 8t L°LE q LT q 2 1€ c°ee €e
0°2¢ G°l2 9°9¢ 172 1 q G°ce f1°CT Ccl
2°19 6°8f g£-ee q 0°'1 q 0°th G°G1 €
(Tetasjeu 3am w\mmaoEOAOAEV ITI 1eTalL
%79 G°9 q q f1°C ) 0°91 6
9°1I1 6°0T 6°¢ q f°C ° 0°91 T
0°' T 1°€1 q q q ) Ak €
8°8 L°8 q q q o) 612 8
g8°ct €°g q q T°1 ) L 12 L
g°CT 1T q q q o f1°8T cT
6°G1 t1°91 q q S°1 ° 8°Ce 9
9°g1 6°€1 q q 2 °cC o) f1°61 IT
0°Ce L°Le q q 9°C o) 1°91 f7
8°91 AUAI q q q o t°8 g
2 g1 q q q q o) 0" #1 2
(Tetaojew 38M 3/SOTOWOIOTW) I TeTJIL
EbER| unoda) SUT3IS33UI SUTJSI93Ul SUFJSa3uUl umsewoqy ums euQ usumy *ON
23ae7] TTeWS TTeus J1Bed

JIIMOT Jaddpn

1oeJq], AIBRqUSWITY JO SUOT303¢

gSOATRO JO S903J puB SUOT309S
KJequawT e WOJJ PaUTR3qo B3S3IZTP UJ SUOTJBJIJUIODUOD proe otuotdoad---°) TIdV.L



Cecum Feces

Large
Intestine

Lower
Small
Intestine

Upper
Small

Sections of Alimentary Tract
Abomasum Intestine

Omasum

Rumen

No.

TABLE 7.--Continued

Calf
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aSee footnotes of Table 5 for treatments of calves.

bTrace concentration.
®No determination made.
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Entire
Tract

Cecum

Large
Intestine

Lower
Small
Intestine

Fiber

Upper
Small

Sections of Alimentary Tract
Intestine

Abomasum

Rumen

Calf No.

TABLE 10.--Cont inued
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alimentary tract (total digestibility) of calves, Trial II2

TABLE 11.--Percentage digestibility of nutrients in sections and in the entire

Sections of Alimentary Tract

Entire

Cecum Rectum Tract

Large
Intestine

Lower
Small
Intestine

Upper

Small

Rumen Omasum Abomasum Intestine

Calf

No.

Dry Matter
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TABLE 11.--Continued

Sections of Alimentary Tract

Lower

Upper

Entire

Cecum Rectum Tract

Small
Intestine

Calf
No.

Large
Intestine

Small

Rumen Omasum Abomasum Intestine

Organic Matter
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TABLE 11.--Continued

Sections of Alimentary Tract

Upper Lower

Small

Rumen Omasum Abomasum Intestine

Entire

Cecum Rectum Tract

Large
Intestine

Small
Intestine

Calf
-No.

Fiber
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TABLE 11.--Continued

Sections of Alimentary Tract

Lower
Small
Intestine

Upper

Small

Rumen Omasum Abomasum Intestine

Entire

Cecum Rectum Tract

Large
Intestine

Calf
-No.

Calcium
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TABLE 11.--Continued

Sections of Alimentary Tract

Lower
Small
Intestine

Upper

Small

Rumen Omasum Abomasum Intestine

Entire

Cecum Rectum Tract

Large
Intestine

Calf

No.

Ash
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the volatile fatty acids absorbed from the rumen and cecum of individual calves

TABLE 12.--Percentage of the net energy required for maintenance and growth supplied by

Per Cent Net Energy to Meet Maintenance and Growth from

VFA from Cecum

VFA from Rumen

Acetic Propionic Butyric Total Acetic Propionic Butyric Total

Calf No.
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TABLE 13.--Analysis of varlance on the percentage apparent
total digestibllity of dry matter estimated by
the total collection method, Trial II

e —

Degrees of Sum of Mean
Source of Variance Freedom Squares Square F
% Fivber (F) 1 653.13 653.13 8.53
Phosphorus level (P) 3 31.47 10.49 0.15
F x P interaction 3 210.03 70.01 1.01
Sub-total 7 894.63
Error 16 1105.78 69.11

Total 23 2000.41
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