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INTRODUCTION

One of the most serious problems for dairymen today is calf
diarrhea. This condition, which may be of mutritional or infectional
origin, is one of the main causes of calfhood mortality. It is the
belief of many dairymen that diarrhea occurs more often when a low
quality milk replacer is fed to calves than when milk or a high quality
replacer is fed,

To study effectively how the different components of a milk
replacer can cause diarrhea, a purified diet is useful. Very few
studies have been reported in which a purified diet supported normal
growth and did not cause diarrhea.

By adding a bulking agent to slow the passage of feed through
the gut, it may be possible to control nutritional diarrhea. One such
bulking agent on which no work has been reported is sodium bentonite.

One of the objectives of this study was to develop a satisfactory
purified diet that could be used to study the causes of mutritional
diarrhea. The second objective was to determine if sodium bentonits
would control mitritional diarrhea and, if so, how it affected the

utilization of nutrients.



. REVIEW OF LITERATURE
The Effect of Various Carbohydrates on Diarrhea in Young Calves

Many different ingredients have been used for the carbohydrate
portion of milk replacers. Of these ingredients, lactose has been used
in many studies as the main or only carbohydrate source. |

Rojas et al. (83) and Owen et al. (72) added lactose to separated
milk so that the total lactose content was twlice that éf the separated
milk, They found that calves began to scour within a few hours after
the lactose-enriched milk was fed. When Rojas et al. (83) removed the
extra lactose, scouring decreased. Huber et al. (&%) noted a slight
iﬁcrease in diarrhé when the amount of lactose in whole milk was doubled,
They observed considerable diarrhea when the lactose was increased to
four times the normal amount. | ) |

Using a synthetic ration, Flipse et al. (27) showed that lactosé
at a 104 (dry matter basis) level caused no diarrhea. Levels of 5 and
304 (dry matter basis) were also favorable but did not give as good
results as the 10% level. The levels of lactose used in this work
would not be expected to produce diarrhea since they are below the level
found in milk, The substitution of lactose for glucose caused a ‘sl:}.ghtly
greater incidence of diarrhea (76).

Velu gt al. (94) observed no diarrhea when galactose was used as the
only carbohydrate source, but fructose produced sévere diarrhea, When

sucrose was used, severe diarrhea was again produced even when the sucrose

was inverted by citriec acid or when brewer's yeast was added. However,



vhen sucrose was Anverted by invertase, and the pil was elevated to 7.0,
no scouring occurred. When the pH was at 4.5 to 5.0, diarrhea did occur
in most cases., ' |

With glucose or corn syrup as the main carbohydrate source, Flipse
et al. (27) found that calves tended to void loocse feces within 2 to 4
days after being on the synthetic ration. Those calves which received
corn syrup were more severely afflicted than those which received giucose.

Blaxter and Wood (8) stated that seouring is associated with the
presence of easily fermentable mat.eria.l in ihe lower gut, This was
found when glucose or lactose was given to the calves. Their results
showed that as tﬁa dietary concentration of the sugar was increased, the
fecal loss was also increaséd. This was explained on the basis of an
incresse in bacterdal proliferaticn in the gut.

In work by Huber (40), amylobaétin starch was substituted for lace
tose at levels of 9, 18, and 27% of the dry milk veplacer. There was
an inerease in diarrhea as higher levels of starch were used. Netke (66)
used blackstrap molasses, without acid hydrolysis, and. cerelose in a
diet made up primarily. of dried skimmilk. Both of these produced a
severe diarrhea, and calves had to be taken off the trial one week after
its start. Using a synthetic mlk replacer, Flipsa et ;a__l, (25) studied
the effects of using corn starch, dextrin, and corn sugar as the carboe
hydrate source. Dextrin and corn starch produced the poorest growth and

caused more of a tendency to scour than did corn sugar.
Ca.rboh;;rdrate Utilization in the Young 'Calf

Dollar and Porter (22), Huber et al. (42), and Okamoto et al. (70)

daemonstrated that, of the carbohydrates tested, calves were only able



to utilize lactose and glucose during the first few weeks of life.

Many researchers have used blood sugar levels to determine the utili=
zation of carbohydrates. Through the response of blood reducing sugar,
Okamoto gt al. (70), Siddons et al. (89), and Porter:st al. (74) observed
. that starch and 'sucrosa were not utilized by the young calf. However,
Blood work by Huber et al. (42) showed slight utilization of starch and
sucrose, Blood sugar levels indicated that lactose favorably influenced
the utilization of corn syrup and starch (26), | |

Siddons gt al. (89), when using lactose, found marked increases in
the levels of both the blood reducing sugar and blood glucose. However,
1little di.fferénce was noted between thé 10, 30, and 50-day-old groups,
Dollar and Porter (22) and Huber ot al. (41) showed that lactase activity
was very high in the young ealf but tended to decrease with é.ga.

Porter et 2l. (74) and Siddens et al. (89) demonstrated that there
was no utilization of maltose at 1 to 2 weeks of age but that utilization
increased a;s the age of the _oa'lf.increasad. "D'ollar and Portef (22) noted
appreéiablg utilization of maltose at 9 weeks of age. | Huber et al. (42)
found that maltose was poorly utilized. Blood sugar levels indicated £hat
fructose utilization decreased with :Iage (74). However, Siddons et al. (89)
found that fructose caused small inérea.ses in the blood sugar level as
age increased. . _ |

Siddons et al. (89) found that glucose when fed to calves resulted in
a greater rate of increase and maximum concentration of blood reducing
sugar and blood glucose with 50-day-old calves than with 10-day=o0ld calves.
The ¢oncentration of blood reducing sugar was similar for calves fed
galactose.



When Huber et al. (41) added 3% lactose to whole milk, the apparent
digestion was 91%, However, carbohydrate digestion was decreased to 76%
when 2,5% sucrose and 0.5% starch was added to whole milk. Later, Huber
ot al. (43) found the appgrent digestion coefficients of lactose, maltose,
sucrose, and tapioca starch to be 94, 97, 57, and 80%, respectively. The
apparent digestion of carbohydrates, when glucose, sucrose, or starch was
used, was 92.6, 93.4, and 85.8%, respectively (96). Shaw et al. (88)
demonstrated that starch digestion by calves at 1 week of age was only
21,16% but at 3 to 4 weeks of age the starch digestion had inereased to
over 90%.

Noller et al. (68) found carbohydrate digestibility for whole milk
and evaporated milk to average 9?.1 and 94,9%, respectively, over four
collection periods. However, the carbohydrate digestibility for two
vegetable based milk replacers averaged only 57.9, 80.4, 85.9, and 87.2%
for the four periods. These four collection periods were made at 10-14,
18=22, 26~30, and 34-38 days of age. Very little variation between
periods was noted when milk and evaporated milk were used. Radostits
and Bell (78) observed that the carbohydrate digestibility of a milk
replacer containing a cereal-origin component increased from 54% at 8
days of age to 77% at 24 days of age. They attributed the low digestibility
to the inclusion of oat flour in the milk replacer. Digestibility of the
carbohydrate portion of the oat flour was estimated to be 0, 15.0, and

26.,0% at 8, 18, and 24 days of age, respectively.

The Effect of Various Fat Sources on Diarrhea in Young Calves

Gullickson et al. (36) found that calves fed corn oil, cottonseed
0il, or soybean oil mixed with skimmilk suffered more frequent and severe



cases of diarrhea than those calves fed cocomt oil, psamut oil, lard,
beef tallow, or butterfat mixed with skimmilk. Wiese et al. (97) also
noted that calves scoured when soybean oil was used in a s;mthatic ration
but not when lard was use:l‘.l When Marcol B-75, a modified cottonseed oil
soapstock, was included in a milk replacer diet causing digrrhea. diarrhea
was controlled (60). When using cottonseed oil in a purified diet, Jarvis
and Waugh (46) observed that calves developed severe scours after about

1 week of use. Roy (85) reported that beef drippings caused a slightly
increased incidence of scouring during the first 2 weeks of 1life when
compared to lard, but reslnltls from 3 to 12 weeks of age were better with
beef drippings than with lard. In compsring the use of milk fat and laxd
in a recohstitu‘bed milk diet, Foreman et al. (28) found that the incidence
of diarrhea was low for both.

Barker ot al. (5), Jacobson gt al. (45), and Murley et al. (64) com=
pared crude, refined, and hydrogenated soybean oil to butter oil. They
found that the incidence of scouring was lowest for calves receiving
butter oil followed, respectively, by hydrogenated, refined, and crude
soybean oil, Cumningham and Loosli (20) reported that feeding of lard
resulted in a slightly lower incidence of scouring than did feeding of
hydrogenated cocomut oil. The incidence of scours was lower when Brown
et al, (12) used a 10% level, on a dry matter basis, of refined coconut
oil in the milk replacer, as comparéd to a level of 15“,’; refined coconut
oil.

Aams et 21. (2) found that when a weekly preparation of corn
oil=filled milk was fed, calves were afflicted with severse diarrhea.

However, when a daily preparation was used, no diarrhea was observed.



Hydrogenation of the corn 0il used in the weekly preparation helped con-
siderably in reducing the incidahce of diarrhea, Diarrhea resulted when
8 lipid~free dist was fed to calves, compared to a lipid-containing diet
(15, 55, 71). When lard was replaced by glucose to form a fat-free diet,
Cunningham and Loosli (20) observed a much greater tendency for calves

to scour. Bush et al. (15) demonstrated that added fat would not prevent
gevere diarrhes in qalves fed a high mineral diet, but the length of time
of scouring was reduced. Owen gt al. (72) found that the inclusion of
butter oil, with or without lecithin, in a high lactose=plus-minerals
diet markedly reduced the diarrheic effects.

Sconring was found to be more frequent when calves received a low=fat
diet than a normal-fat diet (98). Wing et al. (98) surmised that this
was probably caused at least in part by the higher iactosa content of the
low-fat diet. Grimes and Gardner (35) reported that when milk fed to
calves contained 94 fat, as opposed to 6 and 3% fat, the calves had a
much higher incidence of scouring.

When using 1.8f butter oil and 0,274 lecithin (dry matter basis) in
a semisynthetic diet, Lambert et al., (55) reported a low incidence of
diarrhea with no fat deficiency symptoms being exhibited. Kastelic gt al.
(52) also noted that animis fed a high=fat diet containing lecithin
scoured less frequently than those on a regular high-fat diet.

Too high fat concentration or large fat globules in a milk substitute
may be detrimental under high "infection" conditions (85). These factors
were not so noticeable under low "infection" conditions. Wallace et al.

(96) found that a mixture containing 20% (dry matter basis) of a high-fat



soya flour caused senrere‘ diarrhea in calves,

When Young (100) completely replaced whole milk at 4 days of age
with a combination of whey product and fat, an increase in the incidence
of diarrhea was observed. |

Lipid Utilization in the Young Celf

Raven and Robinson (40) reported that the digestibility of hydro-
_genated palm oil increased from 76 to 92% during two consecutive 6-day
periods; When hydrogenated cocomut oil was used in a milk replaéar. the
average fat digestion increased from 82.6% at 2 weéks of age to 88.6% at
8 weeks of age but dropped to 71.9% at 11 weeks of age (20). Adams et al.
(2) found that time of preparation and hydrogenation affected the diges-
tibility of corn 0il. They reported the following average fat digestibility
by calves 35 to 90 days of age: corn oil (prepared weekly), 83.3%; corn
oil (prepared daily), 90.2%; and hydrogenated corn oil, 90.3%. Roy (85)
reported that margarine was 974 digestible by 4 week-o0ld calves.

' The average digestibility of butterfat by calves 5 to 15 days of
age and by calves 9 to 21 days of age was 96% (80). Roy (85) reported
a fat digestibility of 97% for butterfat, 93% for refined lard, 894 for
equal parts of refined lard and beef drippings, and 85% for beef drippings
by 4 week=0ld calves, Using a semisynthetic diet containing lard, Blaxter
and Wood (7) found the apparent digestibility of dietary fat to be 91.7%
for calves 2 weeks old. Adams et al. (2) reported an average fat diges-
tibility of 88.9% for lard by calves 35 to 90 days of age., The fat
digestibility of lard inecreased from 68% at 2 weeks of age to 93.7% at

11 weeks of age (20).



When féeding a milk replacer conteining a mixturé of animel and
vegetable fat, Radostits and Bell (78) found that fat digestibility was
initially low (29%), but by the time the calves were 20 days~old, the
digestibility was 82f.,

Effects of Protein on Dlarrhea in Young Calves

Roy (85) repﬁrtéd that whey proteins can be denatured to a m#rkedl
extent during processing. ﬁe stated that milk replacers using this whey
will cause the buildup of infection to be increased and the lncidence of
scouring and mortality to be higher. -

Milk replacers containing as much as 60% dried whey resulted in a
higher incidence of diarrhaa. than in rations containing lesser amounts (96).
Noller et al. (67) found an improvement in fecal consistency, compared to
the basal diet, when a 5% level of whey on a dry matter basis was added to
a basal all-vegetable milk replacer, | '

When Bush and Selmh (14) substitutad dried skimmilk and casein for
dried whey at levels of 15, 20, and 25% protein ef the dry milk replacer,
they found no. difference in the incidence of diarrhea from oﬁ'e level of
protein 'ﬁo another. Bryant et al. (13) replaced dried skimmdlk with corn
distillers dried solubles and reported that the incidence of scouring was
greater for the calves receiving dried skimmilk. When comparing fresh
skimnillc to a high-temperature~treated milk, Wood et al., (99) observd an
inerease in the incidence of diarrhea with the high-temperature-treated
milk. Owen et al, (72) reported that none of the semisynthetic diets

containing lactalbumin or casein they used were consistently diarrheic.
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Using a high soy milk replacer that contained 60% of its protein
from a “fully cocked" soybean flour, Gorrill et al. (34) found that a
moderate diarrhea was produced. This soybean flour contained 50% crude
protein and the trypsin inhibitor, which was not dematured. In a similar
milk replacer Gorrill and Thomas (33) used a soybean flour containing
71% crude protein and little trypsin inhibitor. Little or no diarrhea
occurred with this milk replacer.

Protein Utillization in the Young Calf

Noller et al. (68) reported that digestibility increased from 81,2
to 93.0¢ for crude protein in whole milk and ﬁom 56.5 to 87.8% for crude
protein in evaporated milk over collection periods of 10=14, 18=22, 2630,
and 34-38 days of age. Wood et al, (99) noted that the heat treatment of
skimmilk lowered the efficiency of milk proteln utilization. They repor-
ted average nitrogen balance values of 3.1, 3.9, and 10,3 grams per Ida.y
for period I and =9.2, =3.2, and 8.3 grams per day for period II for
low-temperature~treated skimmilk, high-temperature-treated skimmillk,
and fresh skimmilk, respectively. These two collection periods were made
at 4«13 and 14=23 days of age, respectively, The nitrogen balance values
in the second period were lower than in the first period because a great
porﬁion of the milk protein was utllized for energy.

Wallace et al. (96) reported that when .a milk replacer contained 50%
skimmilk, the apparent protein digestibilities were 66.7% at 5 weeks and
72.9% at B weeks of age. This is in comparison to a milk replacer con=-
taining 30f skimmilk and 254 dried whey which had apparent protein



digestibilities of 67.8 and 83.5% at 5 and 8 weeks of age, respectively.
Bryant et al, (13) used corn distillers dried solubles to replace 0 to 50%
of the crude protein provided by dried skimmilk. As the level of crude
protein provided by the corn distillers dried solubles increased, the
apparent protein digestibility decreased from 86.3 to 66.6% at 3 wesks of
age and from 90.1 to 73.4% at 7 wesks of age.

~ Gorrill and Nicholson (32) compared a milk replacer containing
all-milk protein with replacers in which 70% of the total protein was from
a soybean protein concentrate, with or without methionine supplementation.
They found that the different protein sources had no effect on nitrogen
retention but that nitrogen digestion was 5.7% units better for the all-milk
protein replacer. Schmitz et al. (87) found that for best growth Promosoy
(soy protein concentrate) could be used to replace milk protein at levels
of 8 and 10% but not 16% in a milk replacer. Morrill et al. (63) reported
that for optimum growth milk protein in a milk replacer could be replaced
by a 6% level of Promosoy but not a 12.24 level.

Porter and Hill (75) found that soya flour had a low protein diges-
tibility and that poor nitrogen retention resulted. The nutritive value
of fully cooked soy flour for the very young calf can be improved by acid
treatment (16). Later Colvin and Ramsey (1?) showed that alkali-treated
soy flour produced similar responses to acid=-treated soy flour and was
markedly superior to untreated flour.

Stein and Knodt (92) reported that when soybean flour and whey solubles
were fod in a 7:1 ratio in a dried processed form, they were more effec=

tive in replacing oat flour, dextrose, and dried brewer's yeast in the
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basie formula studied than when soj’oean flour and whey solubles were
used separately. |

" Harshbarger and Gelwéléks (37) reported that larger live weight gains
were obtained from feeding a milk replacer containing 204 fish flour than
from a milk rsplaéezj containing 10% fish flour or 504 dried skimmilk,
when using fish flour to replace 0, 33, and 66% of the total protein for
a milk replacer, Slade and Huber (90) noted no consistent trends in pro=
tein digestibility or nitrogen retention. In the second part of the experi~
ment they used fish flour to replace 0, 20, 40, and 60% of the total pro-
tein and found that the 40% group gained better than the other groups but
only significantly gr?ater (P<.01) than the 60% group.

Using a synthetic milk replacer, Porter and Hill (75) demonstrated
that ADM assay protein had mean nitrogen retention values of 30 and 387
and apparent protein digestibilities of 75 and 87% st 1-2 and =5 weeks
of age, respeotifely.

When Lassiter et al. (56) decreased the level of protein in the milk
replacer from 30,9 to 15.2%, the average protein digestibility and nitrogen
retention for the collection periods of 14=28 and 36-42 days of age decreased
from 90;6 to 78.6% and 22.8 to 11.6 grams per day, respectively. .

When using a milk replacer in which part of its | protein was derived
from oat flour, Radostits and Bell (78) showed an increase in the apparent
digestibility of protein from 63% at 8 days of age to 84% at 24 days of age.
They suggested that the protein of the oat flour portion of the milk

replacer was relatively indigestible during the early life of the calf.



13

The Effect of Curd Formation on Diarrhea in Young Calves

Mylrea (65) demonstrated that clotting of milk occurred in the
abomasum rapidly after feeding., Gorrill and Thomas (33) found that milk
coagulated in the abomasum 1 to 1.5 hours after feeding. They observed
no coagulation in this amount of time in calves fed a milk replacer.

Blaxter and Wood (8) noted that the formation of curd was necessary
to prevent diarrhea. Reduction of the casein content in liquid diets
will prevent formation of the clot. When the casein contemt was reduced,
severe scours resulted (8). Scours were also produced when gelatin
replaced casein in the diet. When the calcium was lowered enough to
increase clotting time, diarrhea resulted.

At 1 week of age, colostnm-delprived calves were fed a semisynthetic
diet in which the caleium~sodium ratio had been altered enough to prevent
coagulation by rennet (52). All of these calves developed severe
diarrhea. However, the same diet gave satisfactory results when fed to
calves that were fourteen days old.

* To prevent curd formation in whole or skimmilk, Owen et al. (71)
added sodium citrate., When the treated milk was fed the incidence of
dlarrhea was not inereased in comparison to that when normal milk was fed.
The experimental diet was fed only to calves that were 11 days of age or
older. Farhan (24) also reported that addition of sodium eitrate to
inbibit curd formation did not influence the incidence of diarrhea.
However, these calves performed satisfacterily on this diet starting at
the age of 4 days.
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Wing et al. (98) suggested that an increase in diarrhea when dried
whey was included in the reconstituted diets was probably due at least in
rart to the type of curd formed after inge#tion. When feeding calves
milk with different curd tensions, Owen et al. (72) observed no significant

effect on the consistency of the feces of young calves.
The Effect of Vitamins on Diarrhea in Young Calves

Norton et al. (69) reported from a study involving 60 heifer calves
that sup;;lamenting a normsl diet with capsules or tablets containing
vitamins A, D, and E, several of the BMMns. and ascorbic acid did
not reduce the incidence or severity of scours. Hibbs and Krauss (38)
found similar results. When they suppleanénted the diet of calves with
10,000 USP units of vitamin A, 300 USP units of vitamin D, ‘50 mg of niacin,
and 250 mg of ascorblic acid, no reductiqn in the incidence of scours was
found, Gilmore et al. (29) also noted no reduction in the incidence of
seours when they supplemented the dist of ca;ves with 17,000 USP units of
vitamin A, 7 mg of thiamine chloride, 7 mg of riboflavin, 30 mg of panto-
thenic aeid, 35 mg of choline, and 70 mg of niacin in eapsule form,

Working with filled milks containing 3% (recbnstituted basis) crude
expeller soybean oil, Jacobson et al. (45) tried to reduce scouring by
supplementing thiamine, riboflavin, nicotinic acid, ealeium pantothenats,
yridoxine, ascorbic acid, and mixed tocopherols. Results showed no
lowering of the incidence of diarrhea. Adams et al. (2) added tocopherol
to a corn oil-filled milk, but the severity of diarrhea was not reduced.
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Calves fed a high~carbohydrate milk replacer were maintained in goed
condition with a daily oral supplementation of (::g/lb of feed): thiamine
ﬁCL 3,03 biotin, 0.05; pyridexine HC1l, 0.3; Ca pantothenate, 0.6; ribo=-
flavin, 0.3; and choline €l 130.0 (84%). These same workers (6) were able
to control diarrhea in calves fed a low-fat, high-carbohydrate milk
replacer by oral supplementation o:r a mixﬁure of relatively high levels
of thiamine and biotin in combination with certain other B-vitamins,

When pantothenic acid, nicotinic acid, and vitamin A were added to a
diet which produced diarrhea, the feces returned to normal within 12 to
24 hours (73). Later work by Lu}xdquist and Phillips (61) showed that when
vitamin A levels were adequate and scouring was evident, 50 to 100 mg per
day of nicotinic acid was effective in helping to contrel scours, However,
if pantothenic acid was used instead of micotinic acid, there was no
favorable effect on controlling diarrhea.

Using a synthetic diet, Johnson et al. (50) observed that calves on
a nicotinic acid=free diet Sc@ad less than calves receiving nicotinie
acid, However, Hopper and Johnson (39) reported that two out of three
calves placed on a nicétinic acid-deficient synthetic milk replacer had
dlarrhea. Severe diarrhea was produced by s: £hiamine-defician’o w1k
replacer in some calves (47). VWhen calves were fed a pyridoxine~defieient
synthetic milk replacer, Johnson gt al. (49) found that calves scoured
while those receiving pyridoxine did not. Johnson et al, (48) rapbrhed
that calves on a choline=deficient synthetic milk replacer had diarrhea,
but that those receiving cheline did not.
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" The Effect of Minerals on Diarrhes in Young Calves

Owen ot al. (72) reported that when the mineral content of milk was
increased to four times the normal amount by addition of simulated milk
ash, diarrhea was inéreas_ed moderately. Iater, he found that there
apparently were other factors involved with the response to minerals.

With a slightly different feeding and management regime in which the
mineral content was increased to ten times the normal amount found in
milk, there was no noticeable increase in diarrhea.

~ Vhen minerals were added to a basal diet, Bush et al. (15) observed
a higher incidence of diarrhea than when no minerals were added to the
basal diet. Mineré.ls added to the diet also increased the rate of removal
of ingesta from the abomasum. This was the apparent cause for the higher
incidence of diarrhea when minerals were added.

Owen et al. (72) found that when feeding a 14% whey product suspen=-
sion the incidence of dianﬁea was higher than when a 10% (reconstituted)
dried skimmilk suspension was fed, Wing et al. (98) reported that when
dried whey was included in a réconsti’cuted diet, scouring was increased in
all instances. They surmised that this increase in diarrhea rgsulted at
least in .ﬁart from the higher mineral content of the whey pzbduct.

Using rats, Daniel and Harvey (21) showed that the mineral content of
whey caused diarrhea. The rats were fed diets containing unciialyzed whey,
dialyzed whey, and dialyzed whey with restored minerals. Those receiving
the diets containing undialyzed whej or dialyzed whey with restored minerals
had diarrhea thréughout the 6 week experimental periocd. However, rats
getting dialyzed whey had diarrhea only during the first week. It was
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suggested that the mineral constituents of the whey were ﬁ-esponsibla for
its low mutritional value. The mineral .constituents are assoclated with |
a tendency for diarrhea and also an impaired ability to absorb carbohy-

drates as was shown by the high galactose excretions.
The Use of Purified Diets with Young Calves

Purified diets have been used considerably in nutritional research.
ﬁscause purified diets are made up of pure nutrient sources the effect of
different levels of, or the absence of, a certain mitrient can be more
effectively studied. Synthetic diets have been utilized in an effort to
find a suitable milk replacer. |

Johnson et al. (51) noted poor growth rates and periodie digestive
upsets when using a synthetie milk replacer consisting of casein, lactal-
bumin, sugar, bﬁtter or lard, minerals, and water. Using a purified diet
containing caseln, cerelose, lactose, lard, minerals, and vitamins, Thomas
and Oksmoto (93) found that calves grew at only 85% of the normal rate,

Wiese et al, (97), Jarvis and Vaugh (46), Cunningham and Loosli (20),
Flipse et al. (25, 26), and Porter and Hill (75) have used synthetic milk
replacers to study the effect of different fats, carbohydrates, and proteins
on growth and tends;ncy to cause diarrhea. |

Johnson et al. (47, 48, 49, and 50) and Hopper and Johnsen (39) have
used a purified milk replacer to study various vitamin B complex deficien~
cies in young calves. Safford et al. (86) and Culik et al. (19) when work=-
ing with young calves and lambs, respectively, used a purified diet to
study vitamin E deficiencies.



The Effects of Bulkage when Added to Diets

The bulking agent sodium bentonite has been added to many different
types of diets., It is composed mainly of inert clay particles called
montmorillonite (aluminum sﬂie&ta). _Tha.lsodium bentonite swells in
water until it inereases 10 to 15 times of original size.

Vetter and Gay (95) reported that steers receiving approximately 9%
bentonite in their ration supplement had a higher rate of gain than those
recedving the controi diet but that thei-é was no difference in feed effi=
ciency between the groups. When using 3% sodium bentonite in a concen=
trate ration fed to steers, Erwin et al. (23) noted that the rate of gain,
feed efficiency, and digestibility of dry matter and crude fiber were not
significantly effected. Martin et al. (62) added 25 bentonite to a highe
concentrate diet for lambs and found it had no significant effect on |
nitrogen digestibility or retention, growth, and feed consumption. However,
when bentonite was added to a high-roughage diat'. there was an apparent,
although not significant, improvement in nitrogen digestibility or reben-
tion, growth, and feed consumption. '

Kurnick and Reid (53) reported that the addition of 2.5% bentonite
to a poultry diet produced a highly significant improvement in the growth
rate of chicks, a slightly delayed feed passage time, and an increased
feed intake. Thoy fed levels as high as 12.5% to chicks for a 4 week period
without any detrimental effects on growth rate or fe:d conversion. Chickens
receiving bentonite had better feed efficiency than those birds receiving
the basal diet (77). Almuist et al. (3) showed that addition of bentonite
to turkey diets consistently impreved mutrient retention and that more than
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1% was needed for full effect, with 24 possibly being optimal.

Bringe and Schultz (10) improved the milk fat test of cows on a
fat-depressing ration by adding 5% bentenite. They thought the beneficial
effect of bentonite resulted from a slower rate of passage of the feed
through the digestive tract. Ther addition of 10% bentonite to a fat-de-
prossing diét provided beneficial results for fat test similar to the 5%
addition (82). |

Laughland and Phillips (58) reported that sodium bentonite impaired
the ability of vitamin A-deficient rats to store vitamin A in the liver
by limiting absorption. | Normal rats were not affected. Later they (59)
found that bentonite decreased the availability of vitamin A rand carotene
in all the research diets they used for poultry. When 3% or more bentonite
was added to a complete synthetic dieﬁ, New Hampshire chicks developed
symptoms of vitamin A deficiency (9). However, when they added 5% bentonite
to a comerciallration, the chicks showed no detrimental effects. Erwin
ot al. (23) reported that a 3% addition of bentonite did not significantly
affect the hepatic vitamin A and carotene retention in steers.

When Brown et al. (11) fed slacked lime to scouring calves, scouring
stopped. They observed no recurrence of diarrhea after discontimued feeding
of the lime.

By adding bullk in the form of sawdust, purified wood cellulose, or
oat hulls to a milk replacer, Gorrill and Nicholson (31) reduced the inci-
dence of diarrhea. There were no significant differences in nutrient
digestibility during the third and sixth weeks of age although dry matter
and energy digestibilities were reduced. Further work was done by Gorrill
(30) with the following bulking agents: oat hulls, sawdust, and wood
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shavings. He concluded that 1f bulk is added to milk replacers, it mmst
either by-pass the rumen (eg. sawdust) or pass through the rumen at a
sufficient rate to prevent compaction of this organ (eg. oat hulls).

Wood shavings were found to do neither.



EXPERTMENT AL, PROCEDURE
Experiment I

This experinient_ was designed to find a purified milk replacer that
would produce acceptable results when fed to young dairy calves. This
diet would be useful for studying the cause and prevention of nutri-
tional calf diarrhea and the effect of diarrhea control on the utiliza-
tion of nutrients.

Trial 1. Four Holstein bull calves were used (Table 1), After 3
days with thelr dams they were moved to metabolism crates to allow com-
plete observation. They were fed milk until 7 days of age at which time
the diet was gradually changed, over a 3 day period, to Purdfied Diet 1
(Table 2). The reconstituted dist was fed at a level of 8% of the body
wolght per day in two equal feedings. At 2 weeks the level of feeding
was increased to 10% of the bedy weight., The purified diet was recon-
stituted with water to 15.5% total solids. |

Fecal observations were made twice daily. When severe diarrhea
occur.red. the amount of diet fed was reduced by one-half., If diarrhea
persisted, the diet was changed to milk until normal fecal consistency
was maintained for several days. Fecal consistency evaluations were
made on a scale of zero to three, where zero denoted normal feces and
three denoted fluld feces.

Calves wers welighed at birth and at 7-day intervals thereafter for
the duration of the trial, After esach welghing the level of the diet was

adjusted accordingly.
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TABLE 1. _Pxperimentsl animals and diets used in Experiment I.

Trial Calf Diet Time on trial

1 Bl12 and Bl4 Purified Diet 1 3 weeks
Bl5 Purified Diet 1 7 weeks

Bl6 Purified Diet 1 6 weeks

2 Bl7 and El19 Purified Diet 2 5 weoks
3 B22% | Purified Diet 2 5 weeks
B23 a Parified Diet 2 3 weeks

B25 and B26 Purified Diet 1 2 weeks

&hese calves! diets were supplemented with sodium bentonite at a
level of 2% of the reconstituted diet.

TABLE 2. Composition of the purified diets, Experiment I.

s

Ingredient Diet 1 Diet 2

(%) (%)

Casein® (edible, 90 mesh) 23 27

. Lactalbumin® (edible) 1 1

Lard® (with emlsifier) 10 18
Lactosed (erude) 61.68 Lo, 68
Mineral mix® 4,20 4,20
Vitamin mix® | 0,12 0.12

%Erie Casein Company, Erie, Illinois.,
b

General Biochemicals, Chagrin Falls, Ohio.

®Milk Specialties, Inc., Dundes, Illinois.
dForanost Fooed Company, San Francisco, California.
®See Table 3 for composition.

fSee Table 4 for composition.
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TABLE 3. Composition of mineral mix for purified diets 1 and 2,
Experiment T.

Ingredient

(g)
CaCl,*2H,0 750
KK, FO, 300
Na,,HFO,, 300
Mgs0,, 300
CaHFO, 200
FeS0,* 71,0 50.0
}nS0,,* B,0 2.8
Zns0, * 7320a 1.8
Cus0y, - 58,0 3 1.5
0r03" 0.17
HoO;' _ 0.13
k1* . 0,06
CoS0,,* 7H,0% . | 0.05
NaZSeo; 0,01
KF* _ 0,01

a'l'heste ingredients were mixed with a few grams of glucose and ground
together before being added to the other ingredients.
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TABLE 4. Composition of vitamin mix for purified diets 1 and 2,
Experiment T.

Ingredient
(g)

Choline 40.0
Vitamin E* 11.35
Niacin® .840
Ca Pantothenate® .650
Vitamin A and D°* © .55
Thiamine HC1® .210
Pyridoxine HC1® | .210

" Riboflavin® .130
Menadioneb _ .030
Biotin® ,006

' - (.002 actua1)d

B12° 2.000
8220 10/g.

hThese ingredients were added to a few grams of glucose and mixed
before being added to the other ingredients.

250,000 IU/g of A, 50,000 IU/g of D.
90,14 trituration.

Trial 2, Because of the diarrhea caused by Purified Dlet 1, the
diet needed to be improved. Purified Diet 2 (Table 2) was a modification
of Purified Diet 1, and its effect on diarrhea was studied in Trial 2.

Two Holstein bull calves were used (Table 1). The feeding and
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management were the same as described in Trilal 1 except that Purified

Diet 2 was fed. | | '
Trial 3. The purpose of. this trial was to determine if diarrhea was

controlled when sodium bentonite® was added to Purified Diets 1 and 2.
Four Holstein bull calves wefe used (Téble 1). The feeding and

management were the same as deseribed in Trial 1 with two excepticns:

1) diets of B22 and B26 were supplemented with bentenite at a level of

24 on a reconstituted basis, and 2) all calves were kept in pens, bedded

with wood shavings, insteadl of the metabelism crates.

" Bentonite was added to the dict of B23 at 3 wesks of age in an abtenpt
to control severe diarrhea; however, the calf died at 4 weeks of age.
Calves B25 and B26 were rmﬁwad from the trisl et 3 weeks of ege and used

in Experiment II.
Experiment IT

Feeding and management of expsrimental animals, Ten bull calves

were paired by age, -and each pair was randomly assigned to the treatments
as shown in Table 5 to determine mutrient digestibility, nitrogen retention,
and incidence and severity of diarrhea.

Calves B17, Bl9, B25, and B26 had besn used in Experiment I.  After
these calves were put on Experiment II, feeding aﬁd managenent proceeded
as described in Trial .I of BExperiment I except that: 1) the amocunt of
reconstituted dict fed was 8% of the body weight and 2) a commercial milk

lNumbar 200 Volclay, provided by Americoen Colloid Cempsny, Skokle,
I1linois.
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TABLE 5. Animals and diets used in Experiment IIX.

Age at start Time
Group Calf Breed of trisal on trial

Bentonite™ B17 Holstein 6 weeks 2 weeks
B25 Holstein .3 weoks 5 weeks

B29 Holstein 1 week 6 weeks

B31 Holstein 1 week 6 weeks

B32 Holstein 1 week 6 weeks

Control? Bl9  Holstein 6 weeks 2 weeks
B26 Holstein 3 weeks 4 weeks

B27  Holstein 1 week 6 weeks

B30° Ayrshire 1 week 4 weeks

B33 Holstein 1 week - 6 weeks

®Bentonite was added to the commercial milk replacer at the level
of 1% of the reconstituted diet.

bEachcalf in the Control Group received only the commereial milk
replacer. '

_ Ccalsf B30 was removed from the experiment because diarrhea prevented
fecal collections.

TABLE 6. Proximate analysis and ingredients of the commercial milk
replacer used in Experiment II.

i (%)
Protein (N x 6.25) 25,76
Nitrogen-free extract 56,42
Ether extract 10,00
Crude fiber 0.25
Ash 7.57

Ingredients: Dried skimmed milk, dried whey, dried buttermilk, dried
whey product, casein, animal fat (preserved with BHA), soy lecithin,
soy flour, cat flour, vitamin B12, niacin, caleium pentothenate, ribo=
flavin, vitamin A palmitate, D-activated animal sterol (source of
vitamin D3), vitamin E supplement, 0.50% dicalium phosphate, 0.25%
salt, iron carbonate, manganous oxide, potassium iodide, cobalt
carbonate, zinec oxide, and copper oxide.
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replacer was fed éTable 6). Calves B27, B29, B30, B3l, B32, and B33 were
fod and managed the saﬁe as in Trial I of Experiment I with the following
exceptions: 1) the calves were kept in individual pens in the calf barn
until 7 days of age, 2) the level of rec.onstituted diet fed was 8% of the
body weight, and 3) a commercial mi Tk replacer was used (Table 6).

Because of the occurrence of diarrhea when tﬁa parified diets were
used, it would not have bee;n possible to make complete fecal collections
from the Control Group. Therefore, in order to make coﬁplate fecal
collections, a cormercial milk replacer was used in Experiment II.

Diarrhea was assumed to be of infectional origin if the rectal
temperature of the calf waé 39‘j C or higher and of nutritional origin
if the rectal temperature was under 39° C.

Calf B30 was removed from the experiment aﬁ 5 weeks of age because
diarrhea prevented collections during Periods 1 and 2..

Collection and analysis of samples. Fecal and urine collections

were made at 2, 4, and 6 weeks.of age. The collection periods lasted
4 days.

The feces were collected in plastic bags as described by Noller et al,
(68) with the follovﬁng alterations: 1) the straps used on the rumps of
the calves were double straps, sewed together at each end, and 2) small
staples were used to attach the bag to the straps. The straps, on the
rump and on the underside of the calf, were attached with branding cement.
To attach the plastic bag, the tail was first passed through the tail
opening. The upper flap was then passed between the double straps and

attached to the upper strap. The lower flap was passed between the body
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and the; loop formed "by the belly strap.' The lt;;wor flap was then attached
to the strap. ' '

The i‘ecai bags were removed atl sach feeding time and at anjr other
time of visit to the calf barn. The bags were labeled and placed in a
freezer. After the collection period the fecal samples were thawed and
mixed together. At this time duplicate samples were taken for determina~
tion of nitrogen contemt by the A.0.A.C. (¥) method. Triplicate samples
were dried to determine dry matter content. The dried samples were then
ground and mixed together for proximate analysis by the A.0.A.C. (4)
method, | _

Urine was collected in plastic buckets containing thymol for preven=
tion of nitrogen loss. At the morning and evening feedings, the amount of
urine collected was recorded. A 104 aliquot was taken and refrigerated
until the end of each collection period, at which time a sample was taken
for determinstion of mitrogen content by the A0.AC. (4) method.

Feed samples were analyzed by the A.0.A.C. (%) method for proximste
composition, 7 |

All data were subjected to one-way analysis of variance as outlined
by Snedecor (91).
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RESULTS AND DISCUSSION

Experiment I

Trial 1. When calves were fe& Purified Diet 1, diarrhea‘ occurred
very frequently (Table 7). Calves Blk and B16 developed diarrhea within
1l day after being completely transferred to the purified diet, After
being on the purified diet for 5 days.. calves Bl2 and Bl5 developed
diarrhea. When BlZ was given milk at 3 weeks of age, the fecal consis=
tency was improved over that of the previous week. Since the fecal consis=
teney of calves E12 and Bl did not improve when on the purified diet,
these calves were removed from the trial at 4 weeks of age.r When 'Ehe diets
of Bl6 and Bl5 were changed to milk for 1 and 2 weeks, respectively, |
diarrhea ceased. However, when these calves were again fed the purified
diet, diarrhea recurred. |

No obvious relationship between the incidence of diarrhea and daily
body weight changes (Appendix Table 16) was observed, The mean weight
gains were below Ragsdale's standards (79).

Rojas ot al. (83) and Owem et al. (72) found that when twice the
normal amount of lactose was fed, calves began to scour within a few hours
after feeding. Since the lactose content of Purified Dist 1 was almost
twice that of milk, it was thought that this could be the cause of the
scours. Purified Diet 2 was reformulated with the amount of lactose
reduced to 1.5 times that of milk. The fat and protein contents were
raised from the levels of the first purified dist.



TABLE 7. Weekly a.verage focal score, Experiment I.
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Weeks of age
Trial Diet Animel 1% 2 3 I 5 6 7
1 1* m2 0°  1.22 0,384
Bl4 0,38 0.43 0.85
B15 0 0,73 .20 o o  o.82 1.67
B16 0.86 1.4 oY 0.20 1,00 1.56
2 2° B17 0.30 1.00 1,12 0,10
519 0 1.36 o 0.78
3 22 mf o o 0 o 0
B23 0 0.73  1.18% (died)
1® B2 0.80 1.60
| et o 0

%he diet of each calf was gradually changed from milk to the puri=-
fled diet during this weelk.

b

Purified Diet 1.
cAverage fecal score =

fecal consistency evaluations made on the scale

of zero to three, where zero denoted normal feces and three denoted fluid

foces.

dRecaived milk during that week.
®Purified Diet 2.
Bentonite was added to diet.

£
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Trial 2, A limited evaluation of Purified Diet 2 was made in this
trial. When compared to the results from Purified Diet 1, the results
from Purified Diet 2 (Table 7) show that the fecal .consistancies of
calves Bl7 and B19' were not greatly improved. At %4 weeks of age the
fecal consistency was improved over that of Bl5 at 6 and 7 weeks of age
and B1l6 at 5 and 6 weeks of aéo. The reduction of the lactose content
of Purified Diet 2 seemed to improve the fecal consistency somewhat as the
;ge of the calf increased. | |

No obvious relationship between the incidence of diarrhes and dsily
body weight changes (Appendix Table 16) was observed. The mean weight
gains were below Ragsdale's standards (79).

The difficulty in formulating a purified diet éan be seen from the
results obtained in Trials 1 and 2, Some studies indicated that optimm
growth for calves was obtained when feeding milk replacers containing
23 to 25¢ protein (1%, 18, 56, 57). On this basis it would not be of |
any value to raise the level of protein over the 27%- level used.in
Purified Diet 2, With this amoﬁnt of proteiﬁ and the level of minerals
and vitamins used, the remainder of the diet, approximately 68%, mst
consist of carbohydrates and fat. Under the conditions in which this
diet was prepared, a higher level of fat than that used in Purified Diet
2 would be very diffiecult to incorporate into -the rest of the diet.
Therefore, almost 50% of the diet mst be supplied by carbohydrates,

Lactose is utilized very well by the young calf (22, 41, 42, 70,89).
Glucosé is also well utilized (22,42, 70), but Abe (1) observed ethanol
production which caused intexication in young calves when milk .raplacers
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containing glucose were fed. Siddons et al. (89) found that glucose and
galactose were better utilized by older calves than by younger calves.
During the first few weeks of life the calf can utilize little or no
maltose, fructose, sucrose, or starch (22, 41, 42, 70, 74, 89).

Although the lactose can cause diarrhea when used in levels higher
than normal (44, 72, 83), it is the best carbohydrate to use in the puri-
fied diet. When using Purified Diet 2 which contained less lactose than
in Purified Diet 1, an improvement in the fecal consistency was noted as
age increased. ‘ .

Trial 3. Kurnick and Reid (53) reported that the addition of sodium
bentonite to a poultry ration slowed the rate of feed passage through the
gut. Bringe and Schultz (10) theorized that the beneficial effect of
bentonite when added to a high-grain rgtion resulted froin the slower rate
- of feed passage. By a.dding a ‘bu‘lking a.gent to slow the rate of feed
passage in Trial 3, it was thought that nutritional diarrhea could be
controlled. _

Purified Diets 1 and 2 were reformulated to cnnta;in bentonite. When
fed to calves B22 and B26, diarrhea did not occur (Table 7). When calves
B23 and B25 were fed the same diets without bentonite, diarrhea occcurred.
These limited results indicated that the addition of bentonite to Purified
Diets 1 and 2 controlled diarrhea, Therefore, if bentonite does not
suppress nutrient digestibility these pu:t:ified diets can be used to
determine the mutritional effect of various ingredients used in millk
replacers, However, in studying the nutritional causes of diarrhea, the
use of these purified diets may not be possible since bentonite has an

anti=~diarrheic effect.
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Although the body weight changes (Appendix Table 16) were somewhat
improved for the bentonite fed calves over that for the non-bentonite fed
calves, the gains were below normal (79).

The necropsy performed by the Kansas State University Veterinary
Clinie indicated that calf B23 died of enteritis--malabsorption syndrome.

Experiment II

The purpose of this experiment was to detemine"if bentonite would
affect the mitrient digestibility and nitrogen balance of calves fed a
commercial milk replacer and to study further its effect on the control

.of diarrhea.

Incidence of diarrhea. The weekly average fecal scores are presented

in Table 8. Although the differences were not significant (P <0.05,
Appendix Table 1), the calves fed bentonite had a lower mean fecal score
every week except for the fii-st week., Assuming diarrhea to be of a nutri=
tional origin if the rectal -f.émﬁerature was under 39°C, the Bentonite
Group had less nutritional diarrhea than the Control Group although the
difference was not significant (P<0.05), The results also showed that
infectional di#rrh'ea was not céntro]led by the additioﬁ of bentonite. The
‘mean fecal scores did nc;t change significantly (P<0.05) as the age of the
calves increased (Appendix Table 2). |

" The analysis of varianéa (Appendix Table 3) revealed that the fecal
dry matter content (Table 9) in Periods 2 and 3 was significantly (P<0.05)
higher for the Bentonite Group than for the Control Group. If there had
been more animals contributing to the means in Period 1, a significantly

higher content might have also been noted for the Bentonite Group. There



TABLE 8. Weekly average fecal score, Experiment IT.

Weeks of age

Group Animal o 2 3 b 5 6

Bentonite Bl7 0 0
B25 0 0 0.38°  0.,10°

B29 0 0 0 0 0 0

B3l 0 0 0 0 0 0

B32 0.10° o 0 0 0 0
Mean 0.03% of od od 0.08% 0,024

Control B19 _ | 0.8 o0
B26 . 0.80° 0 0 0.18°

B27 0 o 0 om® o 0

B33 0 0.2° 0 .0 0o o
Mean 0% 0.20°  0.202  0.,35% 0,209 o0.054

4Fecal score averﬁge = fecal cbnsistency evaluations made on the scale
of zero to three, where zero denoted normal feces and three denoted flunid
feces.,

bDiarrhea was. assumed to be of nmutritional origin.
®Diarrhea was assumed to be of infectional origin.

9he means were not significantly (P <0.05) different between groups
within weeks and between weeks within groups.
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TABLE 9., Percent fecal dry matter, Experiment IT.

Collection periods

Group Animal 1 Z2 3

Bentonite Bl7 , 28.9
B25 29,1 28.1
B29 25,2 28.9 28.5
B3l ~ 27.6 30.1 26.0
B32 29.6 27.7 30,5
Mean 27.5° 29,0%°P 28,420

Control B19 . 22,k
B26 g 25,4
B7 24,2 25,8 26.9
B33 23.5 23.7 22.6
Mean 23.9% 24,1%7° 2y, 38+©

&7he means were not significantly (P<0.05) different between
periods within groups. .

b'cMsans in the same colurm having different superscripts are
gignificantly (P<0.05) different from each other,
were no signifiecant differences (P<0.05, Appendix Table L) in the fecal
dry matter content between peiriods within the same group. The added bulk
seamed to improve the fecal consistencj by incraasihg the dry matter
content through the addition of bentonite. ‘

The fecal dry matter values for both groups were rnuch higher thaﬁ
that of 17.9% reported by Gorrill and Nicholson (32). Wood st 2l. (100)
stated that normal feces contained 204 or more dry matter. Aécording to
the previous statement, the results obtained for both the Bentonite



and Control Groups were normal.

Apparent mutrient digestibility and nitrogen balance. An analysis

of variance (Appendix Tables 5 and 6) of protein digeétibility (Table 10)
indicated no significant (P<0,05) differences between groups within
colléction periods and between collection periods within groups. The
protein digestibility by calf B27 during Period 2 was possibly reduced
from that of the other calves in tk;e same perlod because of diarrhea

during the week prior to the collection period. However, when calves

TABLE 10, Percent protein digestibility, Experiment II.

Collection periods

Group Animal 1l 2 3

Bentonite B1?7 8l.2
B25 | 68.7 77.8
B29 49,2 71.1 7.6
B3l 78.3 81.6 69.3
B32 78.5 h.h 80,0
Mean 68.7% 74, 0% 76.6%
Control B19 84.9
26 78.9 7.9
B27 80.1 60.9 80.0
B33 82.6 75.3 73.6
Mean 81,4% 21.7° 78.4%

%The means were not significantly (P<0.05) different between groups
within periods and between perdeds within groups.
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B32, B25, and B26 had diarrhes just before a collection peried, as shown
by the fecal scores in Table 8, the protein digestibility was not greatly
reduced when compared to the other values in the same periods.

Urinary nitrogen (Table 11) _ws.# lower in every period for the Bentom=
ite Group. Although not significant (P< 0,05, Appendix Table 9), the
afficiency of nitrogen retention (Table 12) wa.s mach graater for the
Bentonite Group than for the {:ont.rol Group during Periods 2 and 3. Rindsig
and Schultz (81) found similar results for urinary nitrogen and efficiency
of nitrogen retention when adding bentonite to a high=grain ration fed to
cows. They theorized that bentonite may mintaiﬁ a more constant rumen
N, ool by hclilng 6 dn & reatily sxchangeshiy Corn thyn Tnorsenisg
the efficiency of-nitrogan retention. However, this is not possible in
the non=ruminating calf. No explanation can be given for the inc.;rease in
efficiency of nitrogen retention in this éxperimenf.

The analysis of variance (Appendix Tables 7 and 8) indicated there
were no significant (P<0,05) differences in the mean nitrogen balances
(Table 11) between groups within iaeriods and between periods uithin‘groups.
Altiiough the differencas were not significant (P<0.05), Rindsig and
Schultz (81) reported a markedly higher nitrogen balance for cows receiving
bentonite compared to those not receiving bentonite. Gorrill and Nicholson
(31) observed no effect on nitrogen balance when bulk was added to a
milk replacer. |

Blaxter and Wood (7) reported an average nitrogen retention of
4,7 ¢ per day when using a semisynthetic diet. Wood et al. (100) found

average nitrogen balance values of 10.3 g per day for calves 4 to 13 days



*sdnoxd utyype spotred usemjeq puw spotzed
utyytm sdnoxd ueemieq JUSISIITP (S0°0 >d) ATIUESTJITUSTS 70U ©JoM SUESW SOUETeq UsSoIyTU eqr,

£°8 THT 29 262 47l #'TL §°4  €'92  6°8 T°TL 9°%  9°42 UseH
#'8  T'2T 2, L2 4°9 ST 4°9 €°92 2'8 @°CL #H #°S2 €fg
€8 2€T €°6 g°9z 9°¢ #°0T 8°0T 8°92 6°6 4#°6 4 042 lzE
6°¢ L2t TL  Legz 20T €£°0T #°S 6°62 " 9zd
0°0T #°8T 0°5  #°€€ 61d ToI3ua)
g8°0T 2°IL  8°9  8°82  LI'6  2°0T 9°9 6°62 ,°9 96 #°4  4°€z ue=sq
£°21 26 €£€°¢ g°92 T°6 g6 €£°9 6°42 26 £°6 0°S Ge€z d
9°c 04T T°0T AL°62 8°9 #°9T T°6 €°82z €°4 LT 89S g9z T1td
€Tt 9°¢ L°¢ 9z 00T T*¢ 0°9 TI*T2 S°€ 8°F +4°TT L°0z 624
8°0T 6°#T 2°L4 . 6°2% 0T . 4°6 0°6 262 ged
9°€T §*2T 6°S 02 LT8  ejtuojueq
. (£ep/3)
eoueTeq 2#.5 £6004 ©OXeUT eJUeTEsq OULI) 56984 ©eMejul edues(eq OULJI[] S809d OiBjurT TraTuUy dnoxy
N UotTieiox® N N N UOLIeI0XS N N N UeTjedoxe N N
[ 2 T
‘spotaed UOT3O0 L0
T Jueuifiedxl UY eouv(eq DUs 'UOTIOI0XP ‘eNejuy USHOIJIN Ll ZIEVA



39

of age and 8.3 g per day for calves 14 to 23 days of age when using frééh
skimmilk. These values compare favorably to those in Table 11.

Although the differences were not significant (P<f 0.05. Appendix
Table 10), it appeared that during Periods 2 and 3 the addition of ben=-
tonite improved the digestion of the ether extract (Table 13) in the
milk replacer, when compared to the Control Group., If variation within

groups had not been so great, significant differences might have been more

TABLE 12. FEfficiency of nitrogen retention in Experiment IT,
Collection periods

Group Animal 1 2 3
' (%)
Bentonite B17 42.5
B25 36.0 32.8
B29 16.9% W74 50.0
B3l 27.2 24,0 | 18.9
B32 39.1 35.1 45.9
Mean  27.7° 35.6° 38,0°
Control B19 | 29.9
B26 39.4 31.0
B27 41.3 20.9 31.0
. B33 32.3 24,3 30,3
Mean  36.8° 28,2° 30.6°

aEtt‘ffmiea:m:y of N retention = N retention x 100.
N intake
b

The means were not significantly (P <0.05) different between groups
within periods.
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readily detectable. By slowing the r#te of feed passage, bentonite may
have allowed greater utilization of the ether extract. The analysis of
variance (Appendix Table 11) revealed no significant (P <0.05) increases
in the ether extract digestibility between periods within groups.

From the ingredient list of the milk replacer (Table 6) it would
appear that the mein source of fat was provided by animal fat. Adams
et al, (2), Blaxter and Wood (7), and Roy (85) reported the apparent
digestibility of lard by calves to be 88.9 to 9%. Cunningham and Loosli
(20) observed that t}_le apparent digestibility of lard by calves increased

TABLE 13. Percent ether extract digestibility, Experiment II,
Collection periods

Group Animal ¢ 2 3
Bentonite B17 79.8
B25 63.8 77.8
B9 750 81,7 77.1
B3L 48.8 73.7 - 57.1
B32 45,4 77:3 76.4
Mean 56.4% 7,12 xR
Control B19 ' 71.6
B26 66.7 ~—
B27 7645 69.3 ' 63.3
B33 78.0 70,6 42,9
Mean 77.3% 68.9" 59.3%

4The means were not significantly (P<0.05) different between gZroups
within periods and between periods within groups.
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from 68% at 2 weeks of age to 94% at 11 weeks of age., These values are
mich higher than those reportéd in Table 13. The low valules observed in
this experiment could be the result of larger=than-normal endogenous
fecal fat values. However, no explanation can be given for the cauvse of
these larger—than-riorml vaiues.

The nitrogen=free extract digestibility (Table 14) was not signifi=
cantly (P <0,05) different between groups within periods (Appendix Table
12) and between periods within groups (Appendix Table 13). ‘Huber et al.
(41,43) and Noller et al. (68) reported the digestibility of lactose to
range from 91 to 97.1%. The mean values reported in Table 14 fit in

TABLE 1, Percent nitrogen=free extract digestibility, Experiment IT.

Collection periods
Group Animal 1 2 3

Bentonite B17 96,0
B25 96.1 95.3
B29 91.3 95.5 97.6
B3l 96.8 95.6 97.2
B32 95.1 ' 96.9 94,6
Mean ol 42 96.1% 96.,1%

Control B19 97.8
B26 93.1 96,6
B27 96,0 97.6 99.5
B33 96,3 98.3 98.0
Mean 96,22 96,32 98. 0%

%Phe means were not significantly (P <0.05) different between groups
within periods and between periods within groups.
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this range.

The dry matter digestibility (Table 15) did not differ significantly
(P< 0,05, . Appendix Tables 14 and 15) between groups within periods and
between periods within groups. The results obtained for dry matter
digestibility for both groups were similar to these reported in previous
work, Blaxter and Wood (7) reported values of over 904 dry matter
digestibility when 5-day-old calves were fed a milk replacer. When feeding
a milk replacer, Radostits and Bell (78) found that the digestibility of
dry matter did not reach 80% until the ca2lves were 14 days old. Values

TABLE 15. Percent dry matter digestibility, Experiment II.
Collection periods

Group Animal 1 2 3

Bentonite B17 ' 91.7
B25 | 86.9 88.7
B29 6.9 87.4 89.7
B3l 91.3 90.9 87.3
B32 89.7 89.8 904
Mean 86.0% 88.8% 89,6

Control B19 91.8
B26 ' 87.6 | 83.1
B27 90.5 82.8 ' 90,2
B33 91.0 8.7 88.3
Mean 90,8% | 86,4 - 88.4%

%The means wers not significantly (P<0,05) different between groups
within pericds and between pericds within groups.
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up to 97% dry matter digestibility were observed by Raven and Robinéon
(80) wﬁen calves were fed a reconstituted spray-dried whole milk powder.
Gorrill and Nicholson (32) reported 90.6 and 88,84 dry matter digesti-
bility for milk and soy-milk, reépactively. |

No obwious relationship was obseﬁed between mitrient digestibility
or incidence of disrrhea and daily body weight changes (Appendix Table 17).
The mean weight gains were below Ragsdale's sta.ndaﬂs -(79).

Some difficulty in making fecal collections was encountered. The
main problem was keeping the strap across the rump of the calf securely
in place. .Feca.l samples were usually lost at the start of a collection
period due to this problem. This always required starting the collection
period over. A more reliable fecal collection procedure should be
developed for future work. Somethjng involving a harness apparatus
might be more suitable. .

A problem was also ézmpuhtered in removing all the feces from the
collection bag after they had been thawed out. Some varistion in the
results reported could be due to incomplete removal of the feces. It was
noted that the most complete removal occurred when the feces were allowed
to thaw for a very short time.

The results from Experiment II indicate that bentonite does not
suppress mutrient digestibility or nitrogen balance and that mutritional
dlarrhea is almost completely controlled. Therefore, it would appear
that bentonite could be added to either purified diet used in Experiment
I and that these diets could be used in determining the mutritional effects

of various ingredients used in milk replacers.



The possibility of using sodium bentonite in a commercial milk
replacer to help control mutritional diarrhes should be considered. It
appears that bentonite added to a commercial mi Tk replacer might increase
the efficiency of nitrogen retention. There is also a possibility that
bentonite could improve the ether extract digestibility.

Further studies on the effect of bentonite on the control of mutri-
tional diarrhea and improvement of nitrogen utilization and ether extract
digestibility are needed. Future research should be conducted to study
the effect of bentonite on the absorption of minerals and vitamins. Also,
to increase the sensitivity of future work, more animals should be used

than were used in this experiment.
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SUMMARY

This study was designed to develop a purified milk replacer that
could be used to study the causes of nutritional diarrhea and to deter-
mine if sodium bentonite would control mutritional diarrhea.

In Experiment I, Purified Diet 1 caused diarrhea and unsatisfactory
growth when fed to young dairy calves. As the calves increased in age
no improvement in fecal consistency was noted. Diarrhea and unsatisfac~
tory growth were again observed when Purified Diet 2, which contained a
lower level of lactose than Purified Diet 1, was fed. However, some
improvement in fecal consistency was noted as calves increased in age.
No diarrhea occurred when sodium bentonite was added to either of the
previously used diets.

In Experiment II sodium bentonite was added to a commercial milk
replacer and its effect on mitrient digestibility, nitrogen balance, and
control of diarrhes was studied. Bentonite had no significant (P<0.05)
effect on digestibility of rrotein, ether extract, nitrogen-free extract,
or dry matter. Also, nitrogen balance was not significantly (P<0.05)
affected by the addition of bentonite. Although i‘.he differences were
not statistically significant (P<0.05), bentonite appeared to increase
the efficiency of nitrogen retention in the second and third periods.
Fecal dry matter was significantly (P<0.05) increased in Periods 2 and B
by the addition of bentonite. Although nutritional diarrhea was not a
serious problem in either group, it was almost completely controlled in

the Bentonite Group.
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APPENDIX TABLE 2. Analysis of variance of the weekly average fecal scores
between weeks, Experiment IT,

Bentonite Group Control Group
Source of variation daf Mean square daf Mean square
Weeks ' 5 , .OO’-I- 5 -028
Error 18 .007 _ 12 .091

APPENDIX TABLE 3. Analysis of variance of the fecal dry matter content
between groups, Experiment IT.

Period 1 Period 2 - _Period 3
‘ Mean Mean Mean
Source of variation ' df square daf square df square
Grﬁups 1l 151 9 1 40. 7* 1 ‘ ‘q'lt 2%
Error 3 303 5 1.5 ? . 3.8

*Indicates significance at F<0.05. _

 APPENDIX TABLE 4. Analysis of variance of fecal dry matter between periods,
Experiment IT.

_Bentonite Group Contrel Group
Source of variation af Mean square df Mean square
Periods . 2 1.9 2 +15
Error 9 2.6 6 3.3

APPENDH TABLE 5. Analysis of variance of protein digestibility between
groups, Experiment II. -

Period 1 Period 2 Period 3

Maan Maan Mean
Source of variation af square df square daf square
Groups : § 192.9 1l Q.4 1l 7.0

Error 3 190.8 5 60.6 7 24.5
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APPENDIX TABLE 6., Analysis of variance of protein digestibility between
Periods, Experiment II.

Bentonite Group Control Group

Source of variation df Mean square df Mean sgquare
Periods 2 58.9 2 64.6

Error 9 - 83.8 6 44,1

APPENDIX TABLE 7. Analysis of variance of nitrogen balance between groups,
Experiment II, :

Period 1 Period 2 Peried 3

Mean Mean Mean
Source of variation df square df  square df square
Groups 1 6.8 1 50 1 7.4

APPENDIX TABLE 8. Analysis of variance of nitrogen balance between pericds,

Bentonite Group Control Group
Source of variation daf Mean square df Mean square
Periods 2 18,2 2 . 2.2
Error 9 6.9 6 2.6

APPENDIX TABLE 9. Analysis of variance of the efficiency of nitrogen
retention between groups, Experiment IT.

Period 1 Period 2 Period 3
Mean * Mean - Mean
Source of variation df square af square df square
Groups 1 98.7 1 ok.5 1 124.0

Error 3 95,8 5 93.6 7 88,4
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APPENDIX TABLE 10. Analysis of variance of ether extract digestibility
between groups, Experiment II. -

Pericd 1 Period 2 Perdod 3
Mean Mean Mean
Source of variation df square daf square df square
Groups 1. .513.6 ;3 47.0 1 392.1
Error 3 178.4 5 36.7 6 129.5

APPENDIX TABLE 11. Analysis of variance of ether extract digestibility
between periods, Experiment IT.

Bentonite Group Control Group
Source of variation daf Mean square daf Mean square
Periods 2 b 2 199.5
Error 9 115.3 | 5 89.1

APPENDIX TABLE 12. Analysis of variance of nitrogen=-free extract diges=-
tibility between groups, Experiment II.

Period 1 Period 2 Period 3
Mean Mean Mean
Source of variation af square daf square daf square
Groufps 1 3. 8 - 1 0.1 3 Te 1

Error 3 5.4 5 Fl 7 1.6

APPENDIX TABLE 13. Analysls of variance of nitrogen-free extract diges-
tibility between periods, Experiment II.

Bentonite Group Control Group
Source of variation df Mean square daf Mean square
Periods 2 3:3 2 3.3

Error 9 2.6 6 3.4
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APPENDIX TABLE 14. Analysis of variance of dry matter digestibility
betwean groups, Experiment II.

Period 1 Period 2 Period 3
- Mean Mean Mean
Source of variation af square af square af square
Groups 1 27.4 1 9.6 1 3.3
Error 5 §l.2 5 6.1 7 %7

APPENDIX TABLE 15. Analysis of variance of dry matter digestibility
between periods, Experiment II.

Bentonite Group Control Group
Source of variation df Mean square daf Mean square
Periods 2 12,6 2 n.7?

Error 9 16.3 6 10.4

APPENDIX TABLE 16. Body weight changes in Experiment I.
Weeks of age

Trial Animal 1 2 3 4 5 6 7
(g/day)
1 B12 -84 -327 327
Bl4 -327 259 =195
B15 132 64 =518 518 78l 518 195
B16 0 195 327 636 132 195
Mean =65 48 =15 577 457 357 195
2 B17 ~132 518 390 N
Bl19 390 =195 327 390
Mean 129 162 359 163
3 B22 327 390 132 327 =195
B23 327 0
B25 327 390

B26 327 259
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APPENDIX TABLE 17. Body weight changes in Experiment II.

Weeks of age

Group Animal 1 2 3 b - 5 6
(g/day)—

Bentonite Bl7 390 132

B25 0 908 = 13X 195

B29 i 132 64 64 259 195

B3l 132 259 132 132 327 195

B32 =6l 132 195 259 259 195

Mean 67 174 98 341 273 182

Control B19 _ 713 =132

B26 =195 518 327 195

B27 132 155 518 0 0 327

B33 132 132 195 195 195 64

Mean 132 16 173 238 309 114
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This study was désigned to develop a purified milk replacer that
could be used to study the causes of mutritional diarrhea and to determine
Af sodium bentonite would control mutritional diarrhes. |

In Experiment I, Purified Diet 1 caused diarrhea s unsatisfactory
growth when fed to young dairy calves. As the calves increased in age
no improvement in fecal consistency was noted. Diarrhea and unsatis=-:
factory grdwth were again obsérved when Purified Diet 2,.which contained
a lower level of lactose than Purified Diet 1, was fed. However, some
improvement in fecal consistency was noted as calves increased in age.

No diarrhea occurred when sodium bentonite was added to either of the
previously used diets.

‘In Experiment II sodium bentonite was added to a commercial milk
replacer and its effect on mutrient digesfibility. nitrogen balance,
" and control of diarrhea was studied. Bentonite had no significant
(P<0,05) effecf: on digestibility of protein, ether extract, nitrogen-free
extract, or dry matter. Also, nitrogen balance was not significantly
(P<0,05) affected by the addition of bentonite. Although the differences
were not statistically significant (P<0.05), bentonite appeared to
increase the efficiency of nitrogen retention in the second and third
periods. Fecal dry matter was significantly (P<0.05) increased in
Periods 2 and 3 by the addition.of bentonite. Although mutritional
diarrhea was not a problem in elther group, it was almost completely

controlled in the Bentonite Group.



