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ABSTRACT 

Considerable evidence has been accumulated showing the detri

mental effects on vitamin A retention, as measured by liver storage, 

due to various ration adjuvants (notably nitrate and nitrite) using 

monogastric animals. However, little evidence is available regard

ing the destruction which might occur in the ruminant animal due to 

rumen fermentation. 

Twenty-two steers, both fistulated and non-fistula ted, fed 

rations containing various levels of roughage were used as a source 

of rumen liquor for the in vitro incubation studies. 

The roughage rations were formulated from either alfalfa or 

cottonseed hulls, and concentrate rations contained varying amounts 

of milo grain and/or barley. The effects of feed adjuvants consist

ing of KNO^, KHOg, Santoquin (l,2-dehydro-6-ethoxy-2,2,U-trimethyl-

quinoline), and tocopherol were determined after additions in vitro. 

Santoquin and KNO^ effects were also studied after in vivo supplemen

tation. 

The results of these in vitro studies on the degradation of 

vitamin A and carotene indicate that certain losses of vitamin A do 

occur in rumen fermentation. The extent of the losses, which is not 

reflected in plasma levels, can only be estimated by the in vitro 

techniques used in these studies. The conditions necessary for these 

losses are not drastic and may occur under many routine feeding sit

uations. Of particular interest is that ruminal vitamin A destruction 
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may be large on high or all-roughage rations as compared to a smaller 

destruction on high-concentrate rations. Carotene destruction was 

small or nil except with certain treatments, notably nitrite, and then 

only at equivalent levels that would never be encountered in usual 

feeding conditions. 

The in vitro studies indicate that rumen fermentation is not 

involved in the poor utilization of carotene, which has been previ

ously suggested, and further indicate that vitamin A destruction dur

ing rumen fermentation on high-concentrate rations is not large. If 

losses of carotene and/or vitamin A do occur on the usual fattening 

rations, they are probably posterior to the rumen. 

Why the destruction of vitamin A is high when the rumen liquor 

is from steers on high-roughage rations cannot be ascertained from 

these studies. However, the techniques -used in these studies would 

indicate that the rumen microorganisms were responsible for the degrad

ation 0 That this in vitro degradation of vitamin A can be prevented 

has been demonstrated by in vivo additions of Santoquin. It would ap

pear, however, that the protection of vitamin A afforded by Santoquin 

may result in reduced cellulose digestion. : The pH of the in vitro 

fermentation will not account for different degradation rates as this 

measurement was essentially the same for both high-concentrate and 

high-roughage rumen liquor. 

These data' suggest that vitamin A requirements determined on 

high or all-roughage rations may not represent the true requirement 

of the animal as fermentation losses must be taken into consideration. 



INTRODUCTION 

It has been generally recognized that one object of animal 

nutrition in animal production is to transform vegetable and mineral 

matter into an edible and more palatable product for human consumption 

as economically as possible. In order to achieve this desired trans

formation, it might be assumed that a ration containing all of the es-

essential food nutrients in an amount which would meet the minimum 

nutritive requirements for which it is being fed would be essentials 

Books concerning physiology and nutrition generally devote a 

portion of their contents to deficiency symptoms, metabolism, and the 

"known" requirements of some or all of the presently recognized nutri

ents. Vfhile it is known that the stomach of the ruminant differs from 

that of the monogastric animal (Sisson, 57) and that all nutrients 

taken in by the ruminant are subject to bacterial action, there is 

little evidence regarding the intra-ruminal metabolism of vitamin A 

to indicate that the ruminants' requirements might or might not deviate 

from those of the monogastric. In fact, Guilbert et al. (l6) have 

given the minimum vitamin A requirement for moderate growth and pre

vention of nyctalopia for the steer as approximately 5 micrograms per 

kilogram of body weight per day. That this value is apparently low 

for optimum production with cattle is indicated in that tfco University 

of Arizona (Hubbert et al., 27) recommends approximately 20 micrograms 

per kilogram of body weight per day for fattening steers. It is also 

1 



of interest to note that there is little, if any, evidence of a vita

min A deficiency occurring in sheep other than under experimental 

conditions. 

While the requirements of the steer for vitamin A or carotene 

may be determined by actual feeding trials under various conditions, 

the question arises as to what effect, if any, the fore parts of the 

stomach play in the degradation of the provitamin or the vitamin# 

This dissertation is primarily concerned with the influence of the 

ration and its adjuvants on the degradation of carotene or vitamin A 

in the rumen as measured by in vitro techniqueso 



REVIEW OF LITERATURE 

In studies with rats and pigs, Thompson et al, (63) demon

strated a rapid appearance of vitamin A in the small intestine follow

ing the oral administration of carotene. It was further established 

by Thompson et al. (62) that 75 percent of the vitamin A in the intes

tinal wall appeared in the ester form and that the efficiency of con

version of carotene increased with the state of dispersion. Colloidal 

and oily solutions of carotene were most efficiently oonverted and pow

dered carotene in a fat-free diet was least. Further evidenoe that the 

intestinal wall of the small intestine is the primary conversion site 

of carotene to vitamin A was presented by Sibbald and Hutcheson (56), 

who showed conversion of carotene injected into the ligatured duodenal 

loops of living vitamin A depleted chicks0 Klattc et al, (35) have 

presented substantial evidence that this is the main absorption site of 

vitamin A in sheep. The gastrointestinal tracts of 2 normal and 2 

vitamin A depleted wethers were surgically ligated anterior to the py»-

loric valve. In unoperated wethers an increase in serum vitamin A was 

observed U-8 hours after intra-ruminal injection with 250,000 I. U. of 

vitamin A acetate. In surgically ligated sheep no consistent increase 

.in serum vitamin A was observed. 

That the intestinal wall is not the sole site of conversion is 

Indicated by the work of Kon et al. (37), whereby carotene was injected 

intravenously into rats and rabbits. After the injection of carotene, 
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vitamin A alcohol appeared in the blood of the rats, increased in the 

blood of the rabbits, and within one-half hou;.* appeared as deposits 

of vitamin A alcohol in the livers of the rats,, These investigators 

have indicated an apparent species difference by similarly injecting 

carotene into calves. According to their report, carotene injected 
t 

into calves was converted, if at all, to a very limited extent into 

vitamin A. The work of Erwin et al, (12) involving the use of twin 

heifers also showed that a vitamin A deficiency cannot be corrected 

by the intravenous injection of carotene* 

It has been postulated by Suzuki et al. (60), Garbera 

et al, (15) and McGilllvray (U3) that the conversion of carotene to 

vitamin A involves an intermediate product or products, Kemmerer and 

Fraps (32) established that the beta-carotene equivalent of the 27 

feeds which they studied, with carrots excepted, was as well utilised 

for rat growth as was the beta-carotene equivalent of purified caro

tene dissolved in cottonseed oil. These sane investigators (31) 

stated that the efficiency of absorption of carotene for rats given 

10 milligrams per kilogram of diet increased when the pigment was dis

solved in Wesson oil as compared to when it was given as dehydrated 

alfalfa leaf meal. They also demonstrated a.difference in absorption 

between rats and chickensj the efficiency of the chicken being greater 

at concentrations between 1 and 20 milligrams per kilogram of diet. 

In both species the efficiency of absorption was greater at lower con

centrations o This latter observation was confirmed by Gray et al. 

(l8)0 It was also noted that as the dosage is increased the absorption 



of carotene falls much lower than that of preformed vitamin A. 

According to Moore (1*6), sensitivity to oxygen is one of the 

vitamin's main characteristics« Destruction occurs when the vitamin 

is in pure form, when it is dissolved in organic solvents or fats, 

and particularly when it is mixed with powdery solids. However, the 

rate of oxidation is not equally rapid in all media. Moore has also 

stated that vitamin A may remain intact for long periods in natural 

fats containing antioxidants, such as hydroquinone or the tocopherols. 

Since 19li0, considerable evidence has been presented substan

tiating the interrelationship between vitamin A and vitamin E0 Moore 

(li5) has shown that the vitamin A reserves of rats maintained on a 

diet deficient in vitamin E where the vitamin A was supplied as hali

but liver oil were considerably lower than the control animals main

tained on a diet adequate in vitamin E. He also noted that the degree 

of disparity between experiments for the vitamin E supplemented rats 

ranged from two to ten times that of the controls. Davies and Moore 

(7) also noted that the vitamin A reserves of rats were depleted more 

rapidly on a diet deficient in vitamin E. This observation was sub

stantiated by Hickman et al. (21*). Davies and Moore (7) stated that a 

prolonged deficiency of vitamin E could precipitate a secondary defi

ciency of vitamin A. This theory was further supported by Hickman et 

al. (23). They reported that in human nutrition, a balanced diet would 

supply optimal amounts of vitamin A if sufficient attention was given 

to its vitamin E content. 

Moore (U5) also noted that when carotene was used, the relative 

differences in the amount of vitamin A formed between vitamin E 
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supplemented and vitamin E deficient rats were slight. This same ob

servation was also made by Bieri and Pollard (3), using aqueous disper

sions of carotene. In contrast, Quackenbush et al. (5l) demonstrated 

that 5 micrograms of carotene in ethyl linDleate failed to produce rat 

growth in vitamin A deficient rats and could be corrected by the addi

tion of .01 to o03 percent (2 to 6 micrograms) alpha-tocopherol daily. 

Hebert and Morgan (22) observed that the addition of .5 milligram of 

alpha-tocopherol significantly increased the liver storage of vitamin A 

from an oil dispersion of carotene. However, they also noted a consis

tent but small decrease in growth in the groups which received tocoph-

eral plus carotene, but observed an increase in the liver storage of 

vitamin A. Hamed and Decker (20) have stated that 59-day oral adminis

tration of DL-alpha-tocopherol acetate (6025 grams daily) in the ration 

of cows increased the utilization of carotene and the concentration of 

vitamin A in both the blood serum and the milk0 

Johnson et al0 (29) and Swick et al. (6l) reported that high 

doses (5 or 10 milligrams) of alpha-tocopherol interfered with the 

storage of vitamin A in the livers of rats fed moderate amounts of 

beta-carotene. However, this effect was not observed when preformed 

vitamin A was fed0 This has also been substantiated by McGillivray and. 

Worker (UU) who reported that relatively large amounts of tocopherol 

simultaneously injected with aqueous dispersions of carotene reduced 

the hepatic stores of vitamin A in rats and goats. They have suggested 

that the conversion of intravenously administered carotene to vitamin A 

may result from random oxidation and have proposed that the initial 

changes occur in the blood. 



Hickman et al. (25) have suggested that the apparent sparing 

action of the tocopherols on vitamin A in the rat may be due to the 

repression of oxidation in and near the gastro-intestinal tract. Hor-

witt (26) doubts the validity of interpretations of vitamin E experi

ments without first determining the total polyunsaturated fatty acid 

content of the diet and suggest that it may be useful in protecting 

vitamin A. Kryukova (38) has demonstrated with white rats that vitamin 

E was more effective in increasing the liver concentrations of vitamin 

A with diets containing lard than with diets containing sunflower oil. 

Iwata and Hayashida (28) reported that the antioxidant activity of 

alpha-tocopherol on vitamin A in rancid butter or soybean oil was 

nearly proportional to its preventive increase of peroxides and the 

Kreis reaction value. 

Bieri et al. (2) in their work with chickens concluded that the 

primary function of vitamin E was that of an antioxidant to protect 

vitamin A. Normal growth and development were not impaired provided 

special precautions were taken to insure an adequate intake of vitamin 

A. That vitamin E acts primarily as a biologically active antioxidant 

to protect vitamin A is supported by the work of Atkinson et al0 (l) 

with turkeys and by the work of Machlin et al. (I4I) and Romoser et al. 

(5U) with chickens in which Santoquin was used to replace vitamin E. 

Santoquin was reported to stabilize vitamin A at a concentration of 

o0125 percent of the diet and to prevent muscular degeneration normal

ly associated with a vitamin E deficiency at a concentration of ,10 

percent of the dieto 



In a report by Dicks et al. (8), 36 male calves were used to 

ascertain the effects of vitamin A utilization due to the addition of 

tocopherol acetate at 1, $r or 2$ milligrams per pound of live weight 

per day. Vitamin A palmitate was added at levels of 10, 100, or 1000 

micrograms daily. Tocopherol increased vitamin A utilization at 

the highest vitamin A level and decreased utilization at the lowest 

vitamin A level0 Across all levels of tocopherol intake, the tocoph

erol concentration of the tissues decreased with increasing vitamin A 

intake. This effect was greatest between intakes of 10 and 100 micro

grams of vitamin A. Kohlmeier and Burroughs (36) have also reported 

an increase in the apparent utilization of vitamin A With cattle by the, 

additions of vitamins E and K. The significance of vitamin K to vita

min A in this experiment is difficult to interpret in view of the 

previous work with rats, by Quackenbush et- al. (5l) which showed that 

vitamin K was inactive at concentrations of .02 percent. 

0'Dell and his associates (U9) found that the addition of ,3 

percent KNO^ to the basal diet of weanling rats caused a more rapid 

depletion of vitamin A and precipitated a vitamin E deficiency. Smith 

et al. (59) confirmed these findings with rats by demonstrating that 

the addition of KNO^ to the diet reduced weight gains and hepatic 

storage of vitamin A. The hepatic storage of vitamin A in these 

trials was reportedly more efficient when a source of the preformed 

vitamin was used, regardless of the addition of nitrite. Yadav et 

al. (6i;) demonstrated that a rat diet containing 1.5 percent KNO^ was 

effective in reducing the hepatic storage of vitamin A when carotene 

was used as a source. In accordance with these findings, Emmerick 



and Olson (11) found that both 3 percent NaNO^ and 0.5 percent NaNO^ 

significantly lowered the liver storage of vitamin A from carotene 

with the greatest effect resulting from nitrite. However, the hepa

tic storage of vitamin A was not significantly lowered by nitrate when 

vitamin A palmitate was administered orally. 

Bradley et al. (U) found that the nitrate in plants was reduced 

to nitrite in cattle. It was their observation that .55 grains KNO^ 

per kilogram of body weight constituted a lethal dose0 Further evi

dence of this reduction process is presented by Lewis (39,UO). In 

these experiments with sheep, he demonstrated the reduction of nitrate 

to nitrite and the reduction of sulphate to sulphide^ Twenty-five 

grams of NafJO^ or 10 grams of Nal-iO^ resulted in a methemoglobinemia 

corresponding to 60 percent conversion of the total hemoglobin. This 

greater toxicity of nitrite was confirmed by Muhrer et al„ (h7) in 

tests involving guinea pigs, rats, and sheep. They concluded that the 

nitrite was 10 times as toxic as the nitrate0 

Observations on 32 feeder lambs by Hatfield et al. (21) showed 

that the feeding of a high nitrate (l percent KNO^ equivalent, dry 

basis) ration reduced weight gains, and plasma and liver vitamin A0 

The addition of alpha-tocopherol acetate at the rate of 120 milligrams 

daily failed to increase the liver storage of vitamin A to levels nor

mally attained on a ration of normal corn silage. However, the liver 

storage of vitamin A was increased by tocopherol from 630 micrograms 

to 930 micrograms per kilogram of body weight on the high nitrate ra

tions. When nitrite was added to the nitrate ration (2.7 percent KNOg 

equivalent, dry basis), tocopherol reduced the storage of liver vitamin 



A from 877 micrograms to 622 micrograms per kilogram of body weight. 

Further experiments with lambs (Cline et al,, $) involving vitamin A, 

alpha-tocopherol, and KNO^ (U percent of dry feed) failed to shew an 

effect on the rate of gain. The injection of 1UOO I. U. of vitamin 

A per day increased liver vitamin A storage from 3708 micrograms to 

micrograms per gram. All other treatments had no effect on liver 

vitamin A storage. Smith et al. (58) found that KNO^ added to hay or 

silage ration as 1-2 percent of the dry matter did not significantly 

affect weight gains or the hepatic vitamin A values of steers. They 

also found that KNO^ given to sheep as U percent of the dry matter did 

not affect liver or plasma vitamin A. In a study involving the use of 

12 steers, Hale et al. (19) considered the interaction of TDN (Total 

Digestible Nutrients) level versus none and 1 percent KNO^ in relation 

to the hepatic depletion of vitamin Aa The results indicated that a 

71•3 percent TDN ration caused a more rapid depletion of liver vitamin 

A than a 5U.3 percent TDN ration. The addition of KNO^ reduced liver 

stores of vitamin A at both TDN levelsj however, this reduction was not 

significant. Contrary to these observations, Goodrick et al. (17) 

found that the addition of 3 percent NaNO^ to a fattening ration for 

sheep significantly lowered the liver vitamin A stores with or without 

the addition of vitamin A. 

Pugh et al. (50) observed that KNO^ in aqueous solution was 

more effective than KNO^ in reducing both beta-carotene and vitamin A 

alcohol when incubated at 37 degrees for U hours. The greatest de

struction was at a pH of 1-3 followed by an abrupt decrease to a lesser 

destruction at a pH of 5-7, The amount of beta-carotene destroyed 
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increased rapidly as the molar.ratio of KNO^ to carotene increased, 

with the amount of increase becoming smaller as the ratio increased# 

Reddy and Thomas (53) found that when carotene was incubated 

with homogenized duodenal tissue, the conversion to vitamin A was 

reduced to 30-60 percent of the controls by the addition of nitrate# 

They also stated that with heifers fed 130 milligrams of KNOg per 

pound of body weight and with a calf fed 1 percent NaNO^, conversion 

during incubation was reduced to about U5 percent of the controls. Em-

erick and Lievan (10) have confirmed the above results by feeding rats 

the reduced products from beta-carotene obtained by reducing carotene 

with They found that these products contained no vitamin A 

activity, as evidenced by the hepatic storage of vitamin A, nor were 

they toxic# 

In 1957 Shorland et al. (55) reported that the carotene content 

of rumen liquor removed from sheep after a 6-hour fasting period re

mained constant during 2 days of incubation. The rumen contents were 

placed in a flask, gassed with CO,, and incubated at 37 degrees C. pH 

values were kept within a range of 6.5-5o8 by the addition of solid 

sodium bicarbonate. King et al# (3b) stated that the recovery of 

carotene after 9 hours incubation with rumen fluid was only 65#6 per

cent and that the recovery of vitamin A was only 60.U percent. The 

destructive effect was comparable in cattle and sheep fed hay versus 

high grain rations# Santoquin and tocopherol were reported to have 

reduced losses after 10 hours incubation. Significant differences in 

the ratios of carotenesCrgO^ and vitamin A:CrgO^ in the feed versus 
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the ingesta indicated losses of ijO percent from the rumino-reticulum 

after 12 hours in addition to that resulting from passage into the 

lower tracto 



EXPERIMENTAL PROCEDURES 

For these experiments, 3 fistulated Holsteins, 3 fistulated 

Herefords, 12 cross-bred and li Hereford steers were used to supply the 

necessary rumen liquor. 

All rumen ingesta were collected from 9 to 11 a„m., or from 3 

to U hours after the morning feeding, and immediately processed for 

incubation. Processing of the rumen ingesta included straining the 

fluid portion of the ingesta through 2 layers of cheesecloth and sub

sequently centrifuging the filtrate in $0-ml. plastic tubes at 1500 

rpm for 3 minutes in order to remove the coarser feed particles o 

The processed rumen liquor was transferred in 10-ml. portions 

to 25x1^0 mm. pyrex tubes» Water soluble adjuvants were first dis

solved in water and then mixed with the rumen fluid in such amounts 

as to obtain the desired percentage of the constituent added* Fat 

soluble adjuvants were dissolved in Skelly Solve F and layered on top 

of the rumen liquor, care being taken to avoid mixing. The volume of 

Skelly Solve F used in dissolving the fat soluble adjuvants was not 

considered in calculating percentages of the additive, since it does 

not become mixed with the rumen liquor and evaporates after approxi

mately 1 hour of incubation. Vitamin A acetate or beta-carotene was 

added to the incubation tubes in 2-ml0 portions at concentrations 

adequate to facilitate reading the Carr-Price reaction on the Evelyn 

colorimeter at 620 millimicrons or carotene on the Bauach and Lomb 

Spectronic 20 at 14*0 millimicrons. 



Upon completion of the foregoing procedures, the air in the 

incubation tubes was replaced with a jet of COg gas, stoppered with a 

glass wool plug, and incubated in a dark oven at 37 to 39 degrees 

Centigrade for the desired period of time. All incubations were 

duplicate or triplicate runs. 

Following incubation, vitamin A and carotene extractions were 

made according to a modification of the procedure developed by Gallup 

and Hoefer (lli). Ten mis. of 20$ KOH in 9$% redistilled ethanol were 

added to each tube. This was followed by 10 minutes of saponification 

in a 7U degree Centigrade water bath with frequent agitation. The 

tubes were then placed in cool water for 10 minutes prior to the addi

tion of 10 mis. of distilled water and a subsequent addition of l£ mis. 

of Skelly Solve Fc This brought the total volume of the incubation 

tube to U5 mis. which was then placed on a shaker for 10 minutese Up

on removal from the shaker, the Skelly Solve F, which contained the 

vitamin A or carotene, was pipetted. In cases where excessive soap 

was present, separation of the ether layer was facilitated by placing 

the incubation tubes in the freezer at -16 degrees Centigrade for 15 

minutes, followed by centrifugation at 700 rpm for 2 minutes. Recov

ery of vitamin A from the rumen liquor at zero time was 98$, and re

covery of vitamin A or carotene was used as a measure of destruction 

by rumen fermentation. 

Where the degradation products interfered with the extraction 

of vitamin A in a relatively pure form, the fraction of Skelly Solve 

F, which was pipetted, was eluted through a magnesium oxide column in 

accordance with the procedure described by Narod and Verhagen (U8). 



All pH values were determined with a Beckman Model N in vitro 

after the rumen ingesta was processed. 

Phase I. Preliminary Studies. This phase consisted of various 

preliminary experiments which were conducted in order to determine the 

feasibility of an in vitro study involving the use of vitamin A and 

carotene. Since the ratio of the various volatile fatty acids produced 

by rumen fermentation varies with the type of ration, it was decided 

to test the effects of the various individual salts of some of these 

acids as they might degrade vitamin A. In the first experiment 32 meg. 

of vitamin A were incubated in a water bath at 37 degrees Centigrade 

with a 1% aqueous solution of the sodium salts of acetic, propionic, 

butyric, isobutyric, valeric, isovaleric, and hexanoic acid. During 1 

the 20 to 23-hour incubation period, CO^ was bubbled through the solu

tion, and the vitamin A remaining was separated on a magnesia column 

by chromatography. 

A fistulated Holstein steer (No. 8) receiving a ration consist

ing of 30 lbs0 of alfalfa was used for the second experiment. This 

experiment was designed to determine vitamin A and carotene levels in 

rumen liquor with and without additions of the preformed vitamon. Six 

tubes, 3 of which had 32.81^ meg. of vitamin A added, were incubated 

for 8 hours. Both carotene and vitamin A determinations were made on 

all 6 tubes. Using the same steer, this experiment was repeated 3 

days later. A third trial was conducted in the same manner as the 

first 2 trials with the exception that steer No. 196, which was receiv

ing a concentrate ration composed of %% dry rolled milo, 30$ alfalfa, 
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7% molasses, 6% cottonseed meal, „$% salt, ,6% dicalcium phosphate plus 

2000 I. U. of vitamin A per pound of feed, was used and only carotene 

determinations were made. 

Steer No. 8 and a non-fistulated steer (No. 196) were used in 

an effort to determine differences in vitamin A retention as might be 

affected by the type of ration. In this particular trial, 3 tubes for 

each steer were incubated for 192 hours. 

Phase I was drawn to a conclusion in ah effort to determine a 

possible KNO^ effect with the use of steers No. 2 and 6. Both steers 

were receiving a ration consisting of $0% cottonseed hulls, V?% ground 

barley straw, $% dried beet pulp, 1% molasses, \% urea, 1$% cotton

seed meal, 602$% dry rolled milo, 05% dicalcium phosphate, »2% ground 

limestone, and o0$% trace mineral premix. In addition, steer No. 6 

received KNO^ at the rate of \% of the ration. Twelve and forty-

four hundredths meg. of vitamin A were added per tube. Vitamin A re

tention data and pH values were determined at U-hour intervals. 

Phase II. High-Roughage versus High-Grain Effects0 Since the 

Pilot studies in phase I indicated the possibilities of a difference 

in vitamin A retention due to the type of ration, steer No. 8 (receiv

ing an alfalfa ration) and steer No. 192 (receiving a ration composed 

of 56% steam rolled barley, 30% alfalfa, 1% molasses, 6% cottonseed 

meal, ,$% salt, and .$$ dicalcium phosphate) were used in 2 trials for 

comparative studies0 During the second trial, changes in pH were also 

recordedo 
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A comparison was also made on the difference of vitamin A re

tention with steers receiving a concentrate ration containing barley 

versus a concentrate ration containing milo. 

Estimations of the retention of beta-carotene were made us

ing rumen liquor from steers on both concentrate and roughage rations. 

Two fistulated Holstein steers (one on a 10% concentrate ration con

taining barley and the other on a 70$ concentrate ration containing 

milo) and 8 non-fistulated steers on a 10% roughage ration containing 

cottonseed hulls were used. 

Phase III. Effects of Ration Santoquin"*" and KNO^ with 10% 

Roughage Rations. The purpose of this phase was to study the effect 

of ration KNO^ and Santoquin as it might affect vitamin A or carotene 

destruction in vitro. During the first part of this trial, the 12 

steers used were placed on a 10% roughage:30$ concentrate ration which 

was made up of $0$ cottonseed hulls, 1$% ground barley straw, 5% dried 

beet pulp, 1% molasses, 1$ urea, 15% cottonseed oil meal, 6.2$% dry 

rolled milo, ,$% dicalcium phosphate, ,2% ground limestone, and •0$% 

trace mineral premix0 Vitamin A was added at the rate of 1000 I. U. 

per pound of ration. The basic design for this trial was a 2x2 fac

torial. Steers numbered 3, U, and 12 received the basal ration only. 

Steers numbered 5, 9, and 11 received the basal ration plus 1$ KNO^. 

Steers numbered 2, 8, and 10 received the basal ration plus .0125$ 

1. Registered trademark of Monsanto Chemical Co. for 
l,2-dihydro-6-ethoxy-2,2,U-trimethyl-quinoline. 
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Santoquin. Steers numbered 1, 6, and 7 received the basal ration plus 

1% KNO^ and o012$% Santoquin. 

The steers in this trial were also used to determine the ef

fects of the in vitro destruction of beta-carotene. Carotene reten

tions were observed at ii and 16-hour interyals. 

Phase IV. The Relation of Plasma Vitamin A to the In Vitro 

Destruction of Vitamin A. The 12 steers used in phase III were reduced 

to a one-half feed the evening preceding this trial in order to insure 

a rapid and complete consumption of their ration the following mornings 

Blood samples were collected just prior to feeding and at 2-hour inter

vals following feeding. The purpose of this trial was to determine 

the relationship of the plasma vitamin A to the retention of vitamin A 

in the rumen as demonstrated by the in vitro techniques used in phase 

III. Due to its adverse temperament, steer No. 5 was not used in this 

trial. 

Plasma vitamin A and carotene determinations were made in accord

ance with the procedures developed by Kimble (33). The peroent of blood 

cell volume was obtained by the micro-hematocrit technique and was read 

on the International rotary micro-capillary reader. 

Phase V. Effects of Ration Santoquin and KNO^ with 30% Rough

age Rations«, This phase was conducted in order to evaluate the relative 

destruction of vitamin A as affected by Santoquin and KNO^ added to 

concentrate rations using in vitro techniques. All of the steers used 

in phases III and TV were changed to a basal ration containing 30% cot

tonseed hulls, 1% molasses, V>% cottonseed meal, 23.55# dry rolled milo, 
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23.5% steam rolled barley, ,2% dicalcium phosphate, *1% ground lime

stone and .05$ trace mineral premix. The treatments of Santoquin and 

KNO^ remained the same. 

Phase VI. Effects of Bacteriocides on the In Vitro Retention 

of Vitamin Ac This phase was conducted in an effort to determine 

whether the rumen bacteria or some enzyme produced by them would af

fect the retention of vitamin A incubated in vitro. Rumen ingesta 

was collected from fistulated Hereford steers (No„ 0, 30, and 39) on 

an alfalfa ration. Just prior to the addition of vitamin A to the 

incubation tubes, either 2 drops of 1*0$ formalin or 2 drops of 20% 

HgCl^ were added to each tube. The tubes were then incubated for 12 

hours and the remaining vitamin A determined0 

Phase VII. Effects of In Vitro Additions of KNO^. The purpose 

of this phase was to evaluate the effects of vitamin A and carotene re

tention when KNO^ was added 1ji vitro at concentrations of .25, .50, and1 

1 percent of the rumen liquor,, Fistulated steers were vised in all 

trials. The all-roughage rations were composed of alfalfa with the 

exception of steer Non 0 used for measuring carotene retention. This 

steer was on an all-roughage ration composed of cottonseed hulls. 

The 10% concentrate rations were formulated, using either barley or 

miloo 

Phase VIII. Effects of In Vitro Additions of KNOg. Phase 

VIII was essentially the same as phase VII with the exception that KNO^ 

was used to replace KNO^. A normal steer (No. 291), receiving a ration 



composed of 16.5$ steam rolled barley, U9.5$ dry rolled milo, 15$ alf

alfa (1$ tallow added), 8# molasses, 5$ cottonseed meal, ka2%% cotton

seed hulls, 1% dicalcium phosphate, .5% salt, and ,2$% urea, was used 

as a source of high-concentrate rumen liquor. Vitamin A was added at 

a rate'of 1000 I. U. per pound of ration. 

Phase IX. Effects of In Vitro Additions of Santoquln and 

Tocopherol. Three fistulated Hereford steers on alfalfa rations were 

used as a source of rumen liquor. The object of this phase was to 

evaluate the antioxidant activity of Santoquin versus DL-alpha-

tocopherol when added to rumen liquor in vitro as measured by the 

retention of vitamin A. Both Santoquin and tocopherol were added at 

levels corresponding to .0025 and .005 percent of the rumen liquor. 

t 

Phase X. Effects of In Vitro Additions of Santoquin on Cellu

lose Digestion. This phase was conducted in an effort to determine 

whether Santoquin might have any effect in the rumen other than that 

of an antioxidant capable of stabilizing preformed vitamin A. Fistu

lated Hereford steers were used as a source of inoculum for the in 

vitro digestion of cellulose. The inoculum was collected according 

to the procedures described by Johnson et al. (30). The artificial 

saliva used during incubation was that described by McDougall (1*2) plus 

the addition of 5 meg. of biotin, 12.5 meg. of para-aminobenzoic acid, 

30 mg. of urea, 7*5 mg. of valeric acid, and 25 mg. of casein hytbroly-

zate per incubation tube. Santoquin was added at levels corresponding 

to .000875, .00175, .0025, .005, .01, and o02 percent of the contents 
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of the tubes, following the same procedure as previously used in deter

mining the retention of vitamin A0 

The incubation tubes with their contents, through which CO^ 

was bubbled, were incubated for 2k hours in a water bath at 39 degrees 

Centigrade. The cellulose remaining was detennined by the method of 

Crampton and Maynard (6)0 The final washings using benzene and ether, 

as described in their procedure, were omitted. 



RESULTS AND DISCUSSION 

Phase Io Preliminary Studies. In the first experiment of phase 

I, in which vitamin A acetate was incubated with a 1$ aqueous solution 

of the sodium salts of the fatty acids, the largest degree of disparity 

was noted between the 2 trials involving sodium acetate and the remain

ing sodium salts used. However, the water controls for these trials 

were also considerably lower, as evidenced by the data in Table 9 of 

the appendixo While these results alone were inconclusive, there was 

very little evidence to warrant continued investigations along this 

line. 

In the second trial of the preliminary phase, it was determined 

that the recovery of carotene and vitamin A in rumen liquor, to which 

no adjuvants had been added, was negligible. Since the steer used in 

this experiment was not receiving any preformed vitamin A in the ration, 

and the conversion of carotene to vitamin A in the rumen has not been 

established, it would suggest that these vitamin A values ranging from 

•10 to o70 micrograms per tube (Table 10 of the appendix) were probably 

due to low level pigments which react with SbCl^o In any event, the 

values were sufficiently low to be of little consequence in determining 

the retention of vitamin A after it was added in vitro. 

As shown in Table 10 of the appendix, the recovery of carotene 

from the rumen liquor of the steer receiving a concentrate ration was 

slightly higher than in the case of the steer on the alfalfa ration,, 

These values, ranging from 1,19 to 2.92 micrograms of carotene per tube', 
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were so low that it was subsequently decided to add either beta-carotene 

or vitamin A acetate to the incubation tubes at such concentrations as 

would be adequate to obtain reliable readings on the colorimeter. 

Data in Table 11 of the appendix show an average recovery of 

32.k and 7U.2 percent recovery of vitamin A, respectively, after 19s 

hours incubation for steers receiving a roughage versus a concentrate 

ration. The greater recovery of vitamin A with the concentrate ration, 

when compared to the recovery with a roughage ration, after 19^ hours 

incubation (Table 11), or after 8 hours incubation (Table 10), suggests 

the possibility of a distinct ration effect regarding the intra-ruminal 

retention of the preformed vitamin. 

Data for steer No. 2 receiving a 70$ roughage ration and steer 

No. 6 receiving a 70% roughage ration plus KNO^ at the rate of 1% of the 

ration are presented in Table 12 of the appendix. The results showing 

the average retention of vitamin A for the 2 steers are depicted in 

Figure 1. 

In the case of the steer receiving KNO^, the pH value of the 

rumen liquor increased from 7.20 to 8.27 during the 16-hour incubation 

p e r i o d ,  a n d  t h e  v i t a m i n  A  d e c r e a s e d  f r o m  a n  i n i t i a l  l e v e l  o f  1 2 . t o  

8.67 microgramso Where KNO^ was not a component of the ration, pH 

values increased from an initial level of 6.90 to 7.60 and the vitamin 

A decreased to an average level of l*.li9 micrograms. Due to the small 

differences in pH values between the 2 rumen samples and the relative

ly small differences in vitamin A retention, no definite conclusions 

can be drawn from this experiment regarding the effects of adding KNO^ 

to the ration. However, the data obtained from this trial does support 
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Figure I. Response curves showing the retention of vitamin A acetate in rumen liquor from 

steers fed roughage and roughage plus KN03 rations. 
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the previous observations which indicated a degradation of preformed 

vitamin A when incubated with rumen liquor from a steer receiving a 

roughage ration. 

Phase II. High-Roughage versus High-Grain Effects. The com

parative results of the first trial are shown in Figure 2 and the data-

are presented in Table 13 of the appendix. The vitamin A retained 

after 16 hours incubation with rumen liquor from a roughage ration 

(steer No. 8) averaged k*97 micrograms or approximately IE# of the in

itial level added„ The recovery of vitamin A incubated with rumen 

liquor from a concentrate ration (steer No. 192) approximated the 

level of vitamin A added initially,) 

Vitamin A retention and pH values for the second trial using 

the same steers are presented in Figures 3 and U, respectively, and 

the data tabulated in Table ll* of the appendix. Final results for 16 

hours incubation showed 81.1$ of the initial vitamin A retained for 

the concentrate ration and a retention of 18 ,>1$ of the initial level 

for the roughage ration. The average pH values for the 2 sets of 

rumen liquor showed small differences. 

A comparison of vitamin A retention between samples of rumen 

liquor from steers receiving milo versus barley indicated that there 

was no appreciable difference due to these 2 grains. The test for the 

homogeneity of regressions during the 16-hour incubation period and 

the data obtained will be found in Table 1$ of the appendix. 

On the basis of these trials and the previous experiments con

ducted in phase I, it is concluded that there is a greater intra-rundnal 
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Figure 2. Response curves showing the retention of vitamin A acetate in rumen liquor 

from steers fed roughage and concentrate rations.Trial I. 
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Figure 3. Response curves showing the retention of vitamin A acetate in rumen liquor 

from steers fed roughage and concentrate rations. Trial 2. 
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Figure 4. Response curves showing the pH of the rumen liquor of roughage and concen

trate rations incubated in vitro. 
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retention of preformed vitamin A, as measured by in vitro techniques, 

with an increase in the energy content of the ration. Since the pH 

values between the 2 sets of rumen liquor varied only slightly, there 

is little evidence to support the fact that intra-ruminal changes in 

pH are a major factor governing the retention of the preformed vita

min. This parallels the observations of Pugh et al. ($0) where simi

lar pH values had little effect on carotene destruction,, 

Figure 5 represents the retention of beta-carotene after in

cubation with rumen liquor from steers receiving either 10% concen

trate or 70% roughage rations. The values used in plotting this 

retention are presented in Tables 21, 22, and l\9 of the appendix. 

Since there was no statistical significance due to the ration additives 

or in vitro adjuvants, the carotene recoveries were considered to be in

dicative of the degradation due to the fermentation of the basal liquor. 

An average of the 2 trials on the concentrate liquor showed 8$.2$ re

covery after 12 hours incubation with no apparent differences between 

the 2 trials. After ii hours incubation with rumen liquor from a rough

age ration, the first tidal showed an average recovery of 8809$ and 

the seoond trial 93.2$, the average for the 2 trials being 91%* After 

16 hours incubation, recovery rates of 80oE# and 6$.k% were obtained 

for trials 1 and 2, respectively, with an average recovery of 73% for 

the 2 trials combined. Figure 5 shows the retention of beta-carotene 

to be slightly greater at 12 hours when incubated with liquor from a 

concentrate ration. However, this difference is slight, and since 

carotene measurements were, not made at 12 hours using liquor from 
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Figure 5. Response curves showing the retention of beta-carotene in rumen liquor from 

steers fed roughage rations after 4 and 16 hours incubation or concentrate rations ^ 
after 12 hours incubation. 



roughage rations, it cannot be concluded that there is any appreciable 

loss of carotene due to the energy level of the ration. Rather, these 

in vitro measurements indicate carotene to be more stable under the 

varying environmental conditions of the rumen than the preformed vita

min. 

Phase III. Effects of Ration Santoquin and KNO-, with 70% 

Roughage Rations0 Average values representing the retention of vitamin 

A, as affected by ration Santoquin and KNO^ with a high roughage ration, 

and the observed pH values are shown in Figures 6 and 7, respectively. 

The data.obtained and analyses of variance of the data will be found in 

Tables 16, 17, 18, 19, and 20 of the appendix. 

As shown in Table 19, there was a highly significant (P<.01) 

trial by treatment interaction after U hours incubation. However, there 

were no apparent treatment differences, the average recovery for the k 

treatments being approximately 89%. After 16 hours incubation, both 

the trial by treatment interaction and the addition of Santoquin proved 

to be highly significant as indicated in Table 20. The average percent 

of vitamin A recovered (Tables 16, 17, and 18) after 16-17 hours incu

bation proved to be: basal ration 39%, basal ration plus Santoquin 

8706%, basal ration plus nitrate Ul.5%, and basal ration plus Santoquin 

and nitrate 75%. It is of interest to note that while the addition of • 

nitrate to the basal ration is not of statistical significance, the 

average vitamin A retained after 16-17 hours incubation is slightly 

higher with the addition of nitrate0 This same difference, though 

slight, was also observed in a preliminary trial in phase I, 
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The pH values, as shown in Tables 16 and 17, indicate very 

little if any relationship between pH and vitamin A retained,, Rumen 

liquor from the basal ration plus Santoquin maintained the highest 

average pH values and vitamin A retention j however, liquor from the 

basal ration plus nitrate gave the second highest pH values and next 

to the lowest vitamin A retention. Liquor from the basal ration plus 

Santoquin and nitrate maintained the lowest pH values throughout the 

incubation period and retained the second highest percentage of vita

min A. 

The data for the retention of carotene and analyses of variance 

for incubation periods of both U and 16 hours are presented in Tables 

21, 22, 23, and 2lj of the appendix<> 

The analyses of variance indicate a significant difference 

(P <.05) between trials at both U and 16-hour incubation periods. 

Treatment of the ration with Santoquin, KNO^ or Santoquin plus KNO^ 

failed to affect the level of carotene retained,. The average retention 

of carotene in these 2 trials was 83oh% and 72.7$, respectively, for 

the U and 16-hour incubation periods. 

Phase IV. The Relation of Plasma Vitamin A to the In Vitro 

Destruction of Vitamin A. Linear regressions obtained for the plasma 

vitamin A, plasma carotene, and packed cell volume on the steers used 

in phase III are depicted in Figures 8, 9, and 10, respectively. 

Plasma vitamin A levels, plasma carotene levels, hematocrit values, 

and homogeneity of regression tests (both within and between treatments) 
r 

are presented in Tables 2$ through 1*2 of the appendix. 
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Tests for the homogeneity of regression on vitamin A, carotene, 

and hematocrit values proved to be non-significant (P>o05) within all 

treatments. However, the homogeneity of regression tests between 

treatments, as shown in Tables 25, 36, and 1*2, indicated a significant 

difference (P<<>05) between treatments for both plasma vitamin A and 

hematocrit values, and a highly significant difference (P<#01) between 

treatments for plasma carotene levels. Regression lines for all values 

were of a negative order for the time interval studied with the excep

tion of plasma carotene obtained from steers on the basal ration plus 

Santoquin0 

Steel's on the basal ration initially had a higher plasma vita

min A level than any of the other 3 treatments, and the rate of dis

appearance was also greater for the steers on the basal ration. These 

results indicate that higher vitamin A levels should be expected from 

blood samples taken early in the day. However, all or a portion of 

these regressions may have been due to jostling the steers at 2-hour 

intervals. 

A highly significant (P<.01) correlation of 6l06$ was obtained 

for the carotene versus vitamin A levels0 While previous studies by 

Ralston and Dyer (52), working with cattle under grazing conditions, 

showed a correlation of 58$, the correlation obtained in this study 

where the steers were not receiving any carotene in their ration is 

subject to considerable question. 

Highly significant (P<„01) correlation values of 57% and 

32,7% were obtained for vitamin A versus hematocrit values and carotene 

versus hematocrit values, respectively0 
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It would appear from the results of this trial that the reten

tion of vitamin A as measured in vitro is not reflected in the plasma 

vitamin A levels of the individual. 

Phase V, Effects of Ration Santoquln and KNO^ with 30% 

Roughage Rations. Analysis of the data in 2 trials, presented in 

Table U3 of the appendix, indicates that the addition of Santoquin 

to a 10% concentrate ration is highly significant (P<.01) in maintain

ing the level of vitamin A in vitroo However, it is noted that the 

degree of disparity between samples from the same steers on rations 

not containing Santoquin is considerable. 

A subsequent trial was conducted in which the incubation time 

was reduced to 16 hours. The data and analysis of variance are tabu

lated in Table UU of the appendix. After 16 hour® incubation there 

did not appear to be a significant difference (P<.05) between treat

ments. It is also noted that 9 of the 12 retention values are higher 

than the initial level of vitamin A added. This excess recovery was 

attributed to analytical techniques* 

While the data obtained from these steers after they were 

placed on a concentrate ration were limited due to circumstances, the 

addition of Santoquin as an antioxidant to protect the preformed vi

tamin in the rumen is apparently of little benefit where high grain 

rations are usedD Even though Santoquin does increase the recovery 

after 17 hours incubation, it has been demonstrated in phases II and 

V that the fermentation losses following 16 hours incubation are 

relatively small where low-roughage rations are used. 
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Phase VI. Effects of Bacterlocides on the In Vitro Retention 

of Vitamin A„ Results from the previous in vitro studies indicated 

that (1) the rumen microorganisms predominating on a roughage ration 

degraded the preformed vitamin, (2) the rumen microorganisms predom

inating on a high grain ration had little effect on the degradation 

of the vitamin or (3) that some component of the ration was directly 

responsible for either the degradation or preservation of the vitamin. 

Due to the large degree of disparity which was sometimes displayed be

tween samples from the same steer (as exemplified in Table 1*3), the 

third possibility was ruled out in favor of the first 2. 

The results and analysis of variance are presented in Table 1*5 

of the appendix. Duncan's Multiple Range Test on the means of the 3 

treatments is shown in Table 1. 

Table 1. Mean retention of vitamin A after incubation with rumen 
liquor from steers on an all-roughage ration with in 
vitro additions of formalin or HgCl^.® 

Incubation Adjuvant as % of rumen liquor 
time 

(hours) 
No.b 
runs None 

,oou% .002% 
Formalin HgCl^ 

12 6 
Meg. 

22.91 
vitamin A recovered 
26.75 26,87° 

a 32.28 meg. vitamin A acetate added/incubation tube. 

2 replicates/run. 
c Duncan's (9) multiple range test of significance 
between means. Means not Joined by the same line 
are significantly different (P<.05>). 
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As shewn in Table 1, there was no significant difference ob

served between the adjuvants of formalin and HgCl^. The percent re

covery of vitamin A from the treated tubes was 83*2% as compared to 

70.9^ for the untreated tubes. It was thus concluded that the rumen 

microorganisms which were in the rumen of steers fed a high-roughage 

ration were directly or indirectly responsible for the degradation of 

preformed vitamin A. 

Phase VII, Effects of In Vitro Additions of KNO^o The data 

and analyses of variance presented in Tables 1*6, 1*7, U8, and 1*9 of the 

appendix demonstrate the effect of varying increments of KNO^ on the 

retention of vitamin A and carotene when added in vitro to the rumen 

liquor from steers fed both high and low-roughage rations. 

A highly significant difference (P<„01) was observed between 

replications where rumen liquor was obtained from steers receiving an 

alfalfa ration. However, the only observed KNO^ effect which was of 

significance (P <.05) was demonstrated by the retention of vitamin A 

when Incubated with rumen liquor from the ingesta of a concentrate 

ration. Duncan's Multiple Range Test on the means of these treatments 

is presented in Table 2. 

The results obtained from these data indicate that the 

higher level of nitrate was capable of destroying vitamin A when com

bined with rumen liquor obtained from a concentrate ration. This may 

possibly be due to the higher energy level as compared to the rumen 

liquor from a roughage ration, thereby enhancing the reduction of 
t 

nitrate to nitrite. 
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Table 2. Mean retention of vitamin A after incubation with rumen 
liquor from steers on a 30% roughage ration with in vitro 
additions of KN0^.a 

Incubation Adjuvant as % of rumen liquor 
time No., 1% 072<$ T575? 

(hours) runs0 KNO.^ . KNO-^ KN03 None 

Meg. vitamin A recovered 

12 V 17.90 18 ,h9 19. Oli 20.65° 

a 32.28 meg. vitamin A acetate added/incubation tube. 

^ 2 replicates/mn0 

C Duncan's (9) multiple range test of significance between 
means. Means not joined by the same line are signifi
cantly different (P< .05). 

Phase VIII. Effects of In Vitro Additions of KN0„. Since the 

previous phase had shown a reduced retention of vitamin A when incu

bated with rumen liquor from a hiph grain ingesta in the presence of 

1% KNO^, and this effect was postulated as being due to an increased 

reduction of the KNO^, the effect of KNO^ on the retention of vitamin 

A and carotene was studied using rumen liquor from a roughage ingesta. 

Data and analyses of variance are given in Tables 00 and 51 of the 

appendix. Duncan's Multiple Range Test on the means of vitamin A 

retention when treated with KNO^ is presented in Table 3. 

Table 3 shows a significant reduction in vitamin A retention 

when KNOg is added at levels corresponding to .$%or 1# of the rumen 

liquor. There was no statistical difference (P> .05) in mean retention 

values wh«n the rumen liquor contained a2$% KNOg. However, as noted 
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Table 3o Mean retention of vitamin A after incubation with rumen 
liquor from steers on an all-roughage ration with in vitro 
additions of KNOg.£ 

Incubation 
time 

(hours) 
No.b 
runs 

Adjuvant as % of rumen liquor 
1% 0.5% 0.25% 

KNOg KNOg None KNOg 

Meg. vitamin A recovered 

12 6 10.18 15.93 22.27 23.10° 

a 32.8U mcgo vitamin A acetate added/incubation tube, 

k 2 replicates/runo 

c Duncan's (9) multiple range test of significance between 
means. Means not joined by the same line are signifi
cantly different (P<o05)o 

previously in phases I and III where KNO^ was added at the rate of 1$ 

of the ration, the mean retention of vitamin A was slightly higher for 

the low KNOg addition. 

Duncan's Multiple Range Test on the means of .carotene reten

tion when treated with KNOg is presented in Table k* 

The in vitro addition of KNOg at the rate of 1% of the rumen 

liquor was shown to depress the retention of carotene. However, this 

level of nitrite probably exceeds levels compatible to the life of 

the steer and is only of academic importance. 

Nitrite data, using rumen liquor from a non-fistulated steer 

on a 30% roughage ration, showing the recoveries of vitamin A and 

carotene are presented in Tables 52 and 53 of the appendix, 
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Table U* Mean retention of beta-carotene after incubation with rumen 
liquor from steers on an all-roughage ration with in vitro 
additions of KN02#a 

Incubation Adjuvant as % of rumen liquor 
time 

(hours) 
No*b runs 

156 0o$% 0.25$ 
KN02 KN02 None KN02 

I'cg. carotene recovered 

12 8 9.60 l2„5lt 12.79 12.99c 

a l$o90 meg. carotene added/incubation tube0 

k 2 replicates/run. 

c Duncan's ( 9 )  multiple range test of significance between 
means« Means not joined by the same line are signifi
cantly different (P< .05). 

respectively. Duncan's Multiple Range Test on the mean recoveries of 

vitamin A and carotene are presented in Tables 5 and 6, respectively. 

As noted in Tables 5 and 6, KNO,, significantly (P<.05) de

creased the retention of both vitamin A and carotene. While the 

reduced recovery waa not significant between all KNOg levels, the 

mean recovery of both vitamin A and carotene was reduced with increas

ing levels of KNOg. It should be noted that, over the time period 

studied, the nitrite effect on total destruction of both carotene and 

vitamin A was relatively small. 
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Table 5. Mean retention of vitamin A after incubation with rumen 
liquor from a steer on a 30% roughage ration with in vitro 
additions of KU02.a ' 

Incubation Adjuvant as * of rumen liquor 
time N°o, 1% o.5* . 0.25? 

(hours) D runs KUO2 KHO2 KNO2 None 

Meg. vitamin A recovered 

12 $ 28oil 30.91 31.56 36.5UC 

a 32.56 mcgo vitamin A acetate added/incubation tube0 

k 36 tubes incubated. 

c Duncan's (9) multiple range test of significance between 
means. Means not joined by the same line are signifi
cantly different•(P <.05)o 

Table 6. Mean retention of beta-carotene after incubation with rumen 
liquor from a steer on a 30$ roughage ration with in vitro 
additions of KN02#a 

Adjuvant aa . % of rumen liquor 
1% 0.5* 0.25* 
KII0 KN0 KN0 None 

Meg. carotene recovered 

12 5 11.71 11.76 12.77 15.75° 

a 15.60 meg. beta-carotene added/incubation tubeD 

k 2 replicates/run. 

0 Duncan's (9) multiple range test of significance 
between means. Means not joined by the sane line 
are significantly different (P<.05). 

Incubation 
time Mo«b 

(hours) runs 



Phase IX. Effects of In Vitro Additions of Santoquin and 

Tocopherol. In phase III, it was demonstrated that the addition of 

Santoquin to the ration at the rate of .0125$ greatly enhanced the in 

vitro retention of vitamin A when it was incubated with rumen liquor 

obtained from this ingesta. The concentration of Santoquin in the 

rumen was estimated as being approximately one-sixth to one-fifth the 

concentration formulated in the ration. Tables 5U and 55 of the ap

pendix show the data and analyses of variance obtained when both 

Santoquin and DL-alpha-tocopherol were added at concentrations corres

ponding to .0025% and t005% of the ration. Duncan's Multiple Range 

Tests on the means of the vitamin A retained when treated with Santo

quin and tocopherol at these 2 levels are shown in Tables 7 and 8. 

Table 7. Mean retention of vitamin A after incubation with rumen 
liquor from steers on an all-roughage ration with in vitro 
additions of Santoquin or DL-alpha-tocopherol^ 

Incubation 
time 

(hours) 
No-b runs 

Adjuvant as % of rumen liquor 
.0025$ .0025$ 

tocopherol None Santoquin 

Meg. of vitamin A recovered 

12 6 17.08 21.16 22.56° 

a 32028 meg. vitamin A acetate added/incubation tube, 

k 2 replicates/run. 

c Duncari's (9) multiple range test of significance between 
means. Means not Joined by the same line are signifi
cantly different (P<,05). 
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Table 8. Mean retention of vitamin A after incubation with rumen 
liquor from steers on an all-roughage ration with in vitro 
additions of Santoquin or DL-alpha-tocopherols 

Incubation Adjuvant as i % of rumen liquor 
time 

(hours) 
No.b 
runs 

.005? 
tocopherol 

.005? 
None Santoquin 

Meg. of vitamin A recovered 

12 6 5.16 6.12 12.62° 

a 32.28 meg. vitamin A acetate added/incubation tube, 

k 2 replicates/run. 

c Duncan's (9) multiple range test of significance between 
means. Means not joined by the same line are signifi
cantly different (P <.05)• 

Several facts become quite apparent upon analyzing the data 

presented in Tables 5k and 55. First, there is an exceedingly large 

degree of disparity between the control groups as shown by the means 

in Tables 7 and 8. The average retention of vitamin A in the controls 

of Table 7 accounted for 65.3% of the initial level added, while the 

average retention of the controls in Table 8 accounted for only 18.9? 

of the initial level. Secondly, the addition of vitamin E reduced 

the retention of vitamin A. A significant reduction (P<„05) was ob

tained only at the .0025$ additive level. Thirdly, while the addition 

of Santoquin at both levels of the additive significantly increased 

the retention of vitamin A, the recovery of vitamin A waa less than 

would be expected as shown by the trials in phase III where Santoquin 

was added directly to the ration. This reduction in the recovery of 



vitamin A where Santoquin was added in vitro suggests that Santoquin 

might function in the rumen other than as an antioxidant to protect 

preformed vitamin A and that a period of adaptation might be required 

before its full protective benefits could be derived. 

Vitamin E added to the rumen liquor at concentrations greater 

than o005$ may aid in the retention of vitamin A; however, the tech

niques used in these trials for separating vitamin A for the Carr-

Price reaction have not proven adequate where vitamin E is added at 

higher concentrations. 

Phase X. Effects of In Vitro Additions of Santoquin on 

Cellulose Digestion. Since Santoquin did not prove to be as effective 

an antioxidant when added in vitro as when added in vivo, further 

tests were conducted in order to determine what effects it might have 

other than as an antioxidant to protect preformed vitamin A. The re

sults of these tests are shown in Figure 11 which depicts the percent 

of cellulose digestion of alfalfa at the various increments of added 

Santoquin. Data showing the percent of cellulose digestion of alfalfa 

and Solka Floe (purified wood cellulose) are presented in Tables 56 and 

57 of the appendix. 

As shown in Table 56, when Santoquin was added to the incuba

tion tubes at a level corresponding to o005$ of the contents, the 

average cellulose digestion of the alfalfa was decreased from 52.9$ 

to U2.0$. When Santoquin was added in increments ranging from 0.00$ 

to o02$ (Table 57), it was found that the reduction of cellulose di

gestion began with the addition of .00175$ Santoquin, with a continued 
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progressive depression through .005$. The .01 and .02$ levels resulted 

in no increased depression beyond the ,00$% level. 

Based on the results obtained in phases III, IX, and X, it is 

postulated that Santoquin added to a ration for steers may function 

in 2 capacities, both of which aid in the retention of vitamin A during 

in vitro incubations. Santoquin apparently acts (l) directly as an 

antioxidant in preventing vitamin A degradation and (2) as a "partial" 

bacteriocide which inhibits the action of the microorganisms responsi

ble for the degradation of vitamin A. 



GENERAL DISCUSSION 

The results of these in vitro studies involving the degrada

tion of vitamin A and carotene indicate that certain losses of vitamin 

A do occur in rumen fermentation. The extent of the losses, which is 

not reflected in plasma levels, can only be estimated by the in vitro 

techniques used in these studies. The conditions necessary for these 

losses are not drastic and may occur under many routine feeding situa

tions. Of particular interest is that ruminal vitamin A destruction 

may be large on high or all-roughage rations as compared to a smaller 

destruction on high-concentrate rations which is contrary to the find

ings of King et al. (3U). Carotene destruction was small or nil ex

cept with certain treatments, notably nitrite, and then only at 

equivalent levels that would never be encountered in usual feeding 

conditions. The stability of carotene in rumen fermentation agrees 

with the findings of Shorland et al. (5$), 

Recent observations have suggested that carotene is poorly 

utilized on highTconcentrate rations (Esplin et al., 13)• The in 

vitro studies above indicate that rumen fermentation is not involved, 

in the suggested poor utilization of carotene and further indicate 

that vitamin A destruction during rumen fermentation on high-concen-

trate rations is not large. If losses of carotene and/or vitamin A 

do occur on the usual fattening rations, they are probably posterior 

to the rumen* 

51 
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Why the destruction of vitamin A is high when the rumen liquor 

is from steers on high roughage rations cannot be ascertained from 

the studies. However, the techniques used in these studies would in

dicate that the rumen microorganisms were responsible for the degra

dation. That this in vitro degradation of vitamin A can be prevented 

has been demonstrated by in vivo additions of Santoquin. It would 

appear, however, that the protection of vitamin A afforded by Santoquin 

may result in reduced cellulose digestion. The pH of the in vitro fer

mentation will not account for different degradation rates as this 

measurement was essentially the same for both high-concentrate and 

high-roughage rumen liquor. This parallels the observations of Pugh 

et al. (50) where similar pH values had little effect on carotene de

struction. 

These data suggest that vitamin A requirements determined on 

high or all-roughage rations may not represent the true requirement 

of the animal as fermentation losses must be taken into consideration. 



SUMMARY-

This study was conducted in an effort to determine the ration 

effect.regarding losses of vitamin A and carotene in the rumen of 

steers. Twenty-two steers, both fistulated and non-fistulated, were 

used as a source of rumen liquor for the in vitro incubation studies. 

The roughage rations were formulated using either alfalfa or 

cottonseed hulls, and concentrate rations contained varying amounts 

of milo grain and/or barley„ The effects of feed adjuvants consist

ing of KNO^, KNO^, Santoquin, and DL-alpha-tocopherol were determined 

after additions in vitro. Santoquin and KNO^ effects were also 

studied after in vivo supplementation. 

All of these trials indicated that beta-carotene was stable 

under conditions normally found in the rumen and compatible to the 

life of the steer. 

Vitamin A acetate appeared to be quite stable where high-

concentrate rations were fed or where Santoquin was added to the 

ration. The stabilization of vitamin A by the addition of .0125% 

Santoquin to the ration was not reflected by correspondingly higher 

level of plasma vitamin A. In vitro additions of Santoquin did not 

appear to stabilize vitamin A as effectively as did the in vivo ad

ditions. Subsequent in vitro digestion studies involving Santoquin 

indicated a, repression in cellulose digestion at concentrations of 

Santoquin exceeding <>00175/t. 

53 



$u 

In vitro additions of KNO^ reduced the retention of vitamin A 

to a considerably larger extent than did the addition of KNO^. While 

not statistically significant, in vivo additions of 1% KNO^ slightly 

enhanced the retention of vitamin A. This same effect was also ob

served with the ill vitro addition of ,2$%KNOg, and higher levels 

significantly depressed the retention of the preformed vitamin,, 

Vitamin A retention was significantly depressed when DL-alpha-

tocopherol was added in vitro at a rate corresponding to .002!$ of the 

rumen liquor. This effect was not observed at a concentration of 

.00$*. 

Ruminal pH values, as measured in processed rumen liquor, did 

not appear to affect the retention of vitamin A„ 



CONCLUSIONS 

The following conclusions are based on the data obtained from 

the preceding in vitro incubation trials involving 22 head of steers. 

1. Beta-carotene retention is not affected by the type of 
ration nor by feed adjuvants at levels compatible to the 
life of the steer. It is degraded by excessive levels 
of nitriteo 

2. High grain rations inhibit the degradation of preformed 
. vitamin A. 

3. High-roughage rations enhance the degradation of preformed 
vitamin A. 

U. The rumen microorganisms predominating on a high-roughage 
ration are either directly or indirectly responsible for 
the destruction of vitamin A. 

5. Rumen pH is not a major factor directly contributing to the 
degradation of preformed vitamin A0 

6. Nitrate supplementation at a rate of 1$ of the ration may, 
though not significantly, increase the retention of vitamin 
A in the rumen. 

7. High levels of nitrite significantly reduce the retention 
of vitamin A0 

8. Low levels of DL-alpha-tocopherol reduce the retention of 
vitamin A. 

9» Santoquin is effective in stabilizing vitamin A during 
incubation. 

10o The percent of cellulose digestion appears to be depressed 
upon the addition of Santoquin to the incubation media. 

llo A portion of the intra-ruminal stabilizing properties of 
Santoquin appears to be due to its inhibitory effect on 
the action of the rumen microorganisms. 

12. The retention of vitamin A, as measured in vitro, is not 
reflected in the plasma vitamin A levels0 

55 
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APPENDIX 

In the following tables, all data regarding the recovery or 

retention of vitamin A or carotene are expressed as micrograms per 

incubation tube. 

Duplication of steer numbers within any given table indicates 

samples obtained on different days or successive weeks from the same 

individual* 

Explanation of Abbreviations 

CV 

df 

Dev<> MS 

Dev0 SS 

gma. 

hr. 

Incubo 

mcgo 

mina 

MS 

SS 

vit. 

coefficient of variability 

degrees of freedom 

deviation mean square 

deviation sum of squares 

grains 

hours 

incubation 

micrograms 

minutes 

mean square 

sum of squares 

vitamin 
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Table 9. Recovery of vitamin A after incubation in 1% aqueous solu
tions of the Na salts of volatile fatty acids. 

Vitamin A acetate added: 32 meg. 
* 

Incub 
tine 
hrindn 

"2° •A
ce
ta
te
 

21:20 U.Uo 1.19 
3.78 5. CI 
6,91 1.37 

20:50 16.77 
10o08 
17.U9 

23:30 10.88 
1U.20 

23«35 12. 1*7 
13.55 

22:55 1U.89 
15.85 
12.38 

23:35 12023' 
IU.80 

23:U0 .10 
6.16 
1U.59 

23:20 3.56 2.98 
9.5U U.31 
1.92 1.88 

i i i a 5- E 5 & 
3 g 3 t 7J 

I S 
P« t>» JO 0) fe OS 
P +2 ° d ® n (4 pi m CO a ® 
P, 03 H > M K 

10.97 
16.09 

10.82 
10.38 

15.6U 
15.10 

12.56 
13.01 

13.1*6 
12.05 

2.50 
1.96 
2.26 
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Table 10. Retention of vitamin A and carotene after 8 hours incubation 
with rumen liquor from steers receiving all-roughage and 30# 
roughage rations0 

Vitamin A acetate added: 32.81* meg • 

Steer No. Ration Rumen liquor Rumen liquor plus vit A Steer No. Ration Carotene Vit A Carotene Vit A 

8 Alfalfa .72 .60 • 3U 8.88 
.56 .26 .3U 15.85 
.68 .10 .m 12.7U 

8 Alfalfa .61* .39 .91 2U.6U 
•U5 .39 .76 25.06 
.91 .70 .72 21.56 

196 30# 2.92 2.18 
roughage 1.88 1.55 

1.92 1.19 

Table 11* Retention of vitamin A after 19i> hours incubation vith rumen 
liquor from steers receiving all-roughage and 30# roughage 
rations. 

Vitamin A acetate added: 32.81* meg. 
] 

Steer No. 8 196 

Ration all-roughage 30# roughage 

9.91 17. 1*8 
10.89 27.80 
11.19 27.08 
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Table 12. Retention of vitamin A and pH values at U-hour intervals 
after incubation with rumen liquor from steers receiving 
a 10% roughage ration and a 70% roughage ration plus KN0 ô 

Vitamin A acetate added: 12.UU meg. 

Steer No. 2 6 

Ration Basal Basal plus KNO^ 

Incub time 
hr :min pH Vit A pH Vit A 

0:00 6.90 7.20 

U:00 7.20 11.19 7.80 9.73 
7.30 9.73 7.80 9.92 
7.30 8.80 7.80 11.19 

8:00 7.1*0 9.39 8.00 10.67 
7.1*0 9.72 8.20 9.93 
7.50 9.00 7.90 10.08 

12:00 7.UO 7.53 8.55 10„38 
7«1*5 5.90 8.10 9.00 
7.1*5 7.07 8.30 6.71* 

16:00 7.60 6.00 8.30 9.12 
7.65 3.91 8.30 9o00 
7.55 3.56 8.20 7.88 
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Table 13. Retention of vitamin A at U-hour intervals after incuba
tion with rumen liquor from steers on all-roughage and 
30% roughage rations. 

Vitamin A acetate added: 32.81* meg. 

Steer No. 8 192 

Ration All-roughage 30% roughage 

Incub time 
hr:min 

U:00 30.01 31..09 
31o27 31.69 
30.61 

8s00 lli.71 33.78 
12.31 31.51 
I60OO 32.58 

12:00 9oU5 31o69 
5.79 32.59 
5o39 30.61 

16 tOO 5.23 32.17 
U.8U 32.58 
U08U 32.82 
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Table 111. Retention of vitamin A and pH values at U-hour intervals 
after incubation with rumen liquor from steers on all-
roughage and 30$ roughage rations 

Vitamin A acetate added: 32.8U mcgo 

Steer No0 8 192 

Ration All-roughage 30% roughage 

Incub time 
hr :min 

pli Vit A pH Vit A 

0:00 6o20 6.65 

U:00 6.30 2U.75 6.35 29.60 
6.35 27.08 6.25 29.36 
6.35 2luU5 6.30 

8:00 6.50 U.07 6.50 30.01 
6.50 7.90 6.60 29.78 
6.50 7.82 6.50 29.18 

12:00 6.60 10.17 6.55 26.90 
6.60 9<>8l 6„60 26.90 
6„60 6.96 6.55 28.UO 

16:00 6.70 5.90 6.65 26.73 
6.65 7.07 6.1*0 26.01 
6.65 5.25 6.65 27.26 
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Table 15. Retention of vitamin A at U-hour intervals after incuba
tion with rumen liquor from steers on 10% concentrate 
rations containing barley versus milo. 

Vitamin A acetate added: 32,8k meg. 

Steer No. 192 193 

Ration Barley Milo 

Incub time 
frr :m±n • 

UsOO 31.00 
31.69 

8:00 33o78 33.78 
31.51 32.17 
32.58 32.82 

12:00 31.69 32.17 
32.59 31.27 
30.61 31.27 

16:00 32.17 30.85 
32.58 30.85 
32.82 31.51 

Test for Homogeneity of Regression 

SS 
Steer No/Rep xy yy df Dev.SS Dev.MS 

192 5 10 <>92 1.1731 3 lo0885 
193 5 10 -2.3U 1.9597 2 loitl21 

20 -loU2 3.1328 5 2.5006 .5001 

F - 1,0626 
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Table 16. Retention of vitamin A and pH values at 1* and 16-hour in
tervals after incubation with rumen liquor from steers on 
a 70% roughage ration with Santoquin and KNO^ additions. 

Vitamin A acetate i added: 25.1*1* meg. 

Steer No. i* 2 5 7 

Ration Basal plus Santoquin plus KNO^ plus Santo
quin & KNO3 

Incub time 
hr:min 

Incub time 
hr:min 

pH Vit A pH Vit A PH Vit A pH Vit A 

0:00 7.10 2U089 
25.91* 
29.77 

7,60 26.86 
26.50 
27.79 

7.i;0 27.79 
29.77 
26.12 

7.10 28.53 
29.77 
19.70 

1*:00 7.50 
7.60 
7.60 

21.80 
2U.lli 
21.38 

8.00 
8.00 
7.90 

23.1*8 
21*.U* 

8.10 
8.00 
8.10 

20.1*8 
22.28 
22.28 

7.50 
7.50 
7.50 

2l*.U* 
22.58 
22.76 

16:25 8.20 
7.90 
7.90 

9.56 

9.28 

8.70 
8.60 
8.60 

2l*.68 
25.16 
2U.11* 

8.90 
8.90 
8o90 

10.22 
12.02 
9.66 

8.30 
8.20 
8.30 

23.06 
22.58 
23.18 

0:00 7.15 7.50 7.15 6.80 

1*:00 7.55 
7.55 
7.60 

20„87 
22.51* 
22.21* 

8.15 
8.10 
8.15 

22.06 
19.85 
21.91* 

7-80 
7.80 
7.80 

17.76 
21.31* 
18.2U 

7.20 
7.20 
7.20 

22.72 
22.81* 
21*.10 

17:05 7.65 
7.65 
7.80 

11.19 
15.06 
7.56 

9.05 
8.88 
8.30 

19.07 
21.91* 
21.65 

7.95 
8.00 
8.00 

7.99 
6.28 
6.28 

7.60 
7.60 
7.60 

19.31 
19.85 
22.36 

0:00 7.10 25oll 
21*. 63 

7.05 25.11 
21*.1*5 

7o00 7.60 

1*:05 7.55 
7.55 
7.50 

21.61* 
20.15 
20.1*5 

7.50 
7.50 
7.55 

22.06 
21.61* 
22.51* 

7.1*0 
7.50 
7.50 

22.51* 
23.02 
21.1*6 

6.70 
6.60 
6.70 

25.1*7 
23.11* 
21*.75 

16:35 7.85 
7.80 
7.80 

7.62 
6.28 
5.87 

8.20 
8.10 
8.20 

20.87 
22.81* 
21.76 

7.50 
7.90 
9.8o 

13.81 
7.56 
8.71 

7.20 
7.20 
7.30 

22.36 
23.98 
22.21* 
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Table 17• Retention of vitamin A and pH values at 1* and 17-hour in
tervals after incubation with rumen liquor from steers 
on a 70% roughage ration with Santoquin and KNO^ additions. 

Vitamin A acetate added: 25.UU meg. 

Steer No. 12 10 11 6 

Ration Basal plus Santcquin plus KNO^ plus Santoquin 
and KNO3 

Incub time 
hr:min PH Vit A pH Vit A pH Vit A pH Vit A 

0:00 6.85 7.20 7.00 6.95 

1*:00 7.1*0 
7.1*0 
7.1*0 

23.32 
22081* 

7.70 
7.70 
7.80 

22.36 
21o9li 

7.1*0 
7.50 
7.1*0 

21„61* 
21„05 
2U.63 

7.35 
7.30 
7.30 

22.21* 
22o5U 
21oU6 

17:25 7.65 
7.60 
7.50 

9.26 
7.82 
7.38 

7.95 
8.20 
8.10 

21.16 
23.1*1* 
23.1*1* 

7.60 
7.70 
7.80 

9.73 
15.61* 
12.1*1 

7.80 
7.70 
7.55 

12.1*1 
10.79 
7.13 

Table 18. Retention of vitamin A after 17 hours incubation with rumen 
liquor from steers on a 70% roughage ration with Santoquin 
and KNO^ additions„ 

Vitamin A acetate added: 25.1*1* meg. 

Steer No. 12 10 11 7 

Ration Basal plus Santoquin plus KWO^ plus"Santoquin & KNO? 

Incub time 
hr:min 

17:20 17.23 21.1*6 17.23 17ol0 
12.31 21o05 8.35 19.07 
12.62 21.9U 12.62 20.75 
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Table 19. Analysis of variance for vitamin A retention after k hours 
incubation, as shown in Tables 16 and 17o 

Source df SS MS 

Reps* 3 13.1736 U.3932 
Treat# 3 20.9122 6.9707 

N 1 .1926 <>1926 
S 1 13.5895 13.5895 
NxS 1 7.1301 7.1301 

RxT 9 36.071*2 I4.OO82-::-::-
Error 32 35.6172 1.1130 

Total 1*7 10517720 
(•SB*) significant at the .01 level 
CV - k*99% 

Table 20. Analysis of variance for vitamin A retention after 16-17 
hours incubation, as shown in Tables 16, 17, and 18. 

Source df SS MS 

Reps, h 103.1783 25..79U6 
Treat „ 3 1,720.1*989 573.1*996::-::-

N 1 2Uo8070 2U.8070 
S 1 1,639.0827 1,639•0827^-"* 
NxS 1 56o6092 56.6092 

RrT 12 1*25.21*03 35.1*367^:-
Error 1*0 171.5081* U.2877 

Total 59 2,1*20.1*259 
(•*«>) significant at the O01 level 
CV - 13.52$ 
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Table 21. Retention of beta-carotene at U and l6-hour intervals after 
incubation with rumen liquor from steers on a 70% roughage 
ration with Santoquin and KNO^ additions. 

Beta-Carotene added: 17.02 meg. 

Steer No. h 2 5 7 

Ration Basal plus Santoquin plus KNO^ plus Santo
quin & KNO^ 

Incub time 
- hr :min 

3:35 1U«63 14.83 15.25 15.67 
li|063 15.25 15.86 1U.25 

16:00 13.87 13.U8 13.10 13.10 
13.68 lli.82 13.87 13.10 

Table 22. Retention of beta-carotene at U and 16-hour intervals after 
incubation with rumen liquor from steers on a 70% roughage 
ration with Santoquin and KNO^ additions. 

Beta-Carotene added: 16.93 mcg0 

Steer No. 12 10 11 6 

Ration Basal plus Santoquin plus KNO^ plus Santo
quin & KNO-^ 

Incub time 
hr:min 

3:35 15.67 16.U3 15.02 16.09 
l5.Wi 16.09 16.09 15.UU 

16:55 9.80 9.80 6.36 12.03 
lii.06 lli.Ui 10.10 12.03 
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Table 23. Analysis of variance for carotene retention after U hours 
incubation, as shown in Tables 21 and 22. 

Source df SS MS 

Repso 1 2.1756 2.1756* 
Treato 3 «726U .3U21 
ExT 3 .8l61i .2721 
Error 8 2.150U .2688 

Total 15 5.8688 

(•&) significant at the o05 level 
CV - 3.365? 

Table 2i|0 Analysis of variance for carotene retention after 16 hours 
incubation, as shown in Tables 21 and 22. 

Source df SS MS 

Reps. 1 26o0100 26.0100* 
Treato 3 12 <,5699 U.1870 
RxT 3 10.27U9 3.U250 
Error 8 28.0l*U7 3.5056 

Total 15 76.8995 

(•>:) significant at the o05 level 
CV - 15.11^ 
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Table 25. Plaama vitamin A levels for steers on a 70$ roughage ration 
with Santoquin and KNO, additions at 2-hour intervals ex
pressed as meg. %0 

Collection Basal ration plus KNO^ 
time No. 3 No. U No. 12 No. 9 No. 11 

6:30 am 35.80 32.91* 22.5U 22. 2k 26.57 

9:00 33.31 27.1U 28.U5 17.99 25.33 

11:00 31.56 29.10 2U.80 18.65 26.11 

1:00 pm 25.95 23.55 2U.99 19.36 20.U9 

3:00 28.82 23.61 18.90 20.80 20.30 

Collection plus Santoquin PIUB Santoquin & KN03 
' time No. 2 . No. 8 , No. 10 .No0 1 No. 6 No. 7 

6:30 am 25-70 15*65 21.6U 29*63 27.20 Ui.28 

9:00 . 23.02 17.15 16,27 21.1k 25.83 ll*.10 

11:00 17.28 16.1*3 22.30 25.85 27olli 9.96 

Is00 pm 22.26 11.65 16.15 29.31 20.09 10.28 

3:00 19.12 15.U0 21.71 23.76 22o96 10.22 
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Table 26„ Homogeneity of regression test on plasma vitamin A for the 
basal ration, as shown in Table 25. 

Steer No/Rep 
XX xy yy 

3 5 10 -21.32 58.9059 
h 5 10 -22.25 62.7U87 
12 5 10 -10.7U U9.5U37 

3o -5U.31 171.1983 

df Dev.SS Dev.MS 

F - .5686 

3 13.U517 
3 13.2U25 
3 38.0089 
9 61u703l 7.1892 

Table 27. Homogeneity of regression test on plasma vitamin A for the 
basal ration plus KNO^, as shown in Table 25. 

ss 
Steer No/Rep df Dev.SS Dev.MS ' xx xy yy 

9 5 10 1.51 11.71*55 3 11.5175 
1 5 10 -17.38 38.5U80 3 8.3U16 

20 -18.89 50.2935 5 19.8591 3.3098 

F - 3.80l|7 
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Table 28. Homogeneity of regression test on plasma vitamin A for the 
basal ration plus Santoquin, as shown in Table 25. 

Steer No/Rep ss Steer No/Rep 
XX xy yy df Dev.SS Dev.MS 

2 
8 

10 

5 
5 
5 

10 
10 
10 

-13.92 
- 6.00 

.02 

U3.9979 
l8.11iU7 
38.89ia 

3 
3 
3 

21*. 6213 
1U.5UU7 
38.89U1 

• 

3o -19.90 101„0367 9 78.0601 8.6733 

F - . 5636 

Table 29. Homogeneity of regression test on plasma vitamin A for the 
basal ration plus Santoquin and KNO^, as shown in Table 25. 

Steer No/Rep XX 
ss 

*y yy df Dev.SS Dev.MS 

1 5 10 -10.17 2U.2879 3 13.9U50 
6 5 10 -Hi.22 37.7Wi5 3 17.5237 
7 5 10 -11.9li 19.6277 3 5.3713 

3o -36.33 81.6601 9 36.81*00 Uo0933 

F - .2011* 
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Table 30. Homogeneity of regression test on plasma vitamin A between 
treatments, as shown in Table 25. 

Treat o No/Rep — —— df Dev.SS Dev.MS xx xy yy 

Basal 15 30 5lw31 171.1983 13 6U.7031 
KNO, 10 20 - 18.89 50.2935 8 19.8591 
Santoquin 15 30 - 19.90 101.0367 13 78.0601 
Santoquin 
& KNO, 15 30 - 36.33 81.6601 13 36.81*00 

110 -129oU3 U0U.1886 UT 199.1+623 U.2U39 

F - U.118UJ»-
(-M-) significant at the o05 level 
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Table 31. Plasma carotene levels for steers on a 10% roughage ration 
with Santoquin and KNO- additions at 2-hour intervals ex
pressed as meg. %. 

Collection Basal ration plus KNO 3 
tine No. 3 No. h No. 12 No. 9 No. 11 

6:30 am 23.80 22 oil 15.93 19.80 28o6l 

9:00 17.U2 21.36 22.17 19.80 26.17 

11:00 20„6l 23.80 23.80 20.61 25.36 

1:00 pm 18.214 21.36 21.36 20.61 23.80 

3:00 17.1i2 20.61 17.1*2 19.80 26.17 

Collection plus Santoquin plus Santoquin & KNO3 
time Noo 2 No. 8 No. 10 No. 1 No. 6 No. 7 

6:30 am 21o36 22 <,98 18.21* 26.98 20.61 22.98 

9:00 19o05 21.36 15.12 29.U3 19.80 22.17 

11:00 19«80 22.17 19o05 28.61 21.36 25.36 

1:00 pm 28.61 21.36 16068 31o05 19.80 21o36 

3:00 23.80 26.17 17.U2 27.80 19.80 22.17 
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Table 32. Homogeneity of regression test on plasma carotene for the 
basal ration, as shown in Table 31o 

SS 
Steer No/kep — df Dev.SS Dev.MS ' xx xy yy 

3 5 10 -11.9k 29.962 5 3 15.7061 
U 5 10 - 3.12 5.9220 3 U.9U86 
12 5 10 2.17 Ua.1273 3 U3.656U 

30 -12.89 80.0118 9 6U.3111 7.11*57 

F - .701*2 

Table 33c Homogeneity of regression test on plasma carotene for the 
basal ration plus KNO^, as shown in Table 31. 

SS 
Steer No/Rep — — —— df Dev0SS Dev.MS AA J[JF yy 

9 5 10 ' .81 .7373 3 .7217 
11 5 10 -7.25 12.1171 3 6.8609 

20 ^THU 12.90U1; Z 7.5826 1.2638 

F - 2.5701 
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Table 3ii. Homogeneity of regression test on plasma carotene for the 
basal ration plus Santoquin, as shown in Table 31. 

Steer No/Rep df Dev.SS Dev.MS 

2 5 10 Ui.UU 59.6013 3 38.7U99 
8 5 10 6.38 15.9331 3 11.8627 
10 5 10 - .08 9.0973 3 9.0967 

3o feo.7U 8U«6317 9 59o7093 6.63W* 

F - .7977 

Table 35. Homogeneity of regression test on plasma carotene for the 
basal ration plus Santoquin and KNO^, as shown in Table 31, 

ss 
Steer No/Rep df Dev.SS Dev.MS xx xy yy 

15 10 3.26 9.801*5 3 8.7U17 
6 5 10 -1.62 1.9663 3 1.7039 
7 5 10 -2.U3 9oU531 3 8.8626 

3o - .79 21.2239 9 19.3082 2.1U5U 

F - .UU16 
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Table 36. Homogeneity of regression test on plasma carotene between 
treatments, as shewn in Table 31. 

ss 
Treat. No/Rep — — —— df Dev.SS Dev.MS 

AA AJr jf Jr 

Basal 15 
KNO3 10 
Santoquin 15 
Santoqu±n& 
KN03 15 

30 
20 
30 

-12.89 
- 6.UU 
20o7U 

8O0OII8 
12.90W* 
8U.6317 

13 
8 
13 

61*. 3111 
7.5826 
5907093 

110 
- .7? 

.62 
21.2239 
198.7718 

13 
57 

19.3082 
150.9112 

F - U«96825k;-
(#&) significant at the .01 level 

3.2109 
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Table 37. Hematocrit levels for steers on a 10% roughage ration with 
Santoquin and KNO, additions at 2-hour intervals expressed 
as % of blood volume 

Collection Basal ration plus KNO3 
time No. 3 No. 1* No. 12 No. 9 No. 11 

6:30 am 1I3062 1*6.20 1*2.88 1*1*.38 1*1*. 88 

9 s 00 1*0.25 UU.oo 39.00 1*0.75 1*2.25 

11:00 1*1.50 1*3.50 39.50 1*1.50 1*0.38 

1:00 pm l*o.5o 1*2.00 38.38 1*1.13 1*0.25 

3:00 38.75 1*1.25 37.25 1*0.88 1*1.00 

Collection plus Santoquin plus Santoquin & KNO") 
time No. 2 No. 8 No. 10 No. 1 No. 6 No. 7 

6:30 am 1*2.38 l*l*.13 38.38 l*lc50 39.75 l*lol3 

9:00 1*1.25 1*1.25 36.00 39-25 38.38 1*0.75 

11:00 1*2.62 UioOO 37.50 1*0.00 35.75 1*0.50 

1:00 pm 1*1.00 1*2.13 38.75 39.75 33.25 39.00 

3:00 38„88 39.25 37.25 37.00 36.25 38.12 
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Table 38. Homogeneity of regression test on hematocrit levels for 
the basal ration, as shown in Table 37. 

Steer No/Rep df Dev.SS Dev.MS xx xy yy 

3 5 10 - 9«U9 12.9605 3 3.951*5 
U 5 10 -12.00 15.0750 3 .6750 
12 5 10 -11.88 17.9U33 3 3.8299 

3o -33.37 1*5.9788 9 8.U59U .9399 

F - .2132 

Table 39. Homogeneity of regression test on hematocrit levels for the 
basal ration plus KNO^, as shown in Table 37« 

ec 
Steer No/Rep — df Dev.SS Dev.MS 

F - .2982 

XX xy yy 

10 
10 
2o 

- 6.62 
- 9.76 
-16.38 

9.1183 

W 
9 5 10 6.62 9.1183 3 U.7359 
11 5 10 - 9*76 Hi.7363 3 5,210$ 

Z 9.9U6U 1.6577 
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Table 1*0. Homogeneity of regression test on hematocrit levels for the 
basal ration plus Santoquin, as shown in Table 37. 

Steer No/Rep SS 
df DeVoSS Dev.MS Steer No/Rep XX ' xy yy df DeVoSS Dev.MS 

2 5 
8 5 
10 , 5 

10 
10 
10 

- 7.25 
- 8„88 

.U9 

8.8303 
12.6753 
ii. 6205 

3 
3 
3 

3.57U1 
U.7899 
U.5965 

30 -15.61* 26.1261 9 12.9605 lol*l*00 

F - 1.71*03 

Table 1*1. Homogeneity of regression test on hematocrit levels for the 
basal ration plus Santoquin and KN0 ŝ as shown in Table 37• 

CO 
Steer No/Rep — — —— df Dev.SS Dev.MS 

AA AJT tfw 

1 5 10 8.50 10.6250 3 3.1*000 
6 5 10 -12.13 25.1295 3 10.1*158 
7 5 10 - 7.77 6.5738 3 .5365 

30 -28.1*0 1*2.3283 9 11*. 3523 1.591*7 

F - .1*201 



79 

Table U2. Homogeneity of regression test on hematocrit levels be
tween treatments, as shown in Table 37. 

ee 
Treat. No/Rep 5 ^ yy « DEV-KS 

Basal 15 
KNO3 10 
Santoquin 15 
Santoquin 

& KNO3 15 

XX xy yy 

30 
20 
30 

- 33.37 
- 16.38 
- 15.61* 

U5.9788 
23.8559 
26.1261 

13 
8 
13 

8„U59U 
9.9U6U 
12.9605 

30 
110 

- 28.UO 
- 93.79 

U2.3283 
138.2891 

13 
H7 

Hi. 3523 
$.7186 

F » U.2132-* 
(*) significant at the .05 level 

.9727 
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Table 1*3. Retention of vitamin A after 17 hours incubation with rumen 
liquor from steers on a 3055 roughage ration with Santoquin 
and KNO-j additions. 

Vitamin A acetate added: 25.iili meg. 

Ration Basal plus KN03 . 
plus 

Santoquin 
plus Santoquin 

& KNOT 
Steer 
No. 12 h 11 9 10 8 7 6 

20.03 
9.26 
10.21 

21.U6 
12.73 
8.26 

Hi.83 
11.09 
8.17 

18.00 
10.59 
7.U7 

23.02 22.5U 
22.3U 22.Qk 
23 .Hi 23.02 

19.61 22.5U 
23.32 22 . 5U 
23.1ili . 22.2U 

Analysis of Variance 

Source df SS ' MS 

Reps. 
Treat, 

N 
S 
NxS 

RxT 
Error 

> 

1 
• 3 
1 
1 
1 
3 
16 

lo3237 
597*3935 
9.32UO 

58U.9315 
3.1380 
.9256 

2 $.0839 

1.3237 
199.1312** 
9-321*0 

58U.93l55'î -
3ol380 
»3085 

l5o7552 

Total 23 851.7267 

) significant at the .01 level 

CV - 22.1x9% 
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Table ljl*. Retention of vitamin A after 16 hours incubation with rumen 
liquor from steers on a 30  ̂ roughage ration with Santoquin 
and KNO  ̂ additions. 

Vitamin A acetate added: 25.UU mcgo 

Ration 

Steer No» 

Basal plus KNO3 
plus 

Santoquin 
plus Santoquin 

& KNO3 Ration 

Steer No» 3 5 2 1 

28.1*0 27.62 25.1*7 30.01 
21.9li 25.1*7 25.83 30.01 
17.11 <2h.kS 30.01 29.60 

Analysis of Variance 

Source df SS MS 

Among 3 8U.5510 2801837 

Within . 8 82.2621 10.2828 

Total 11 166.8131 

CV - 10.56* 
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Table U5« Retention of vitamin A after 12 hours incubation with rumen 
liquor from steers on an all-roughage ration with in vitro 
additions of formalin or HgClg. 

Vitamin A acetate added: 32.28 meg. 

Steer No. 
Adjuvant as % of rumen liquor 

Steer No. .002% .00h% 
None HgCl^ Formalin 

0 23.80 27.08 27.26 
2U.10 29.18 25.83 

30 27.08 29.18 29.36 
. 29.36 27.80 29.36 

39 23.HI 26c 90 27.26 
21.76 26.73 29.18 

0 19.31 2U.10 25.65 
20.32 26.37 26.19 

30 20.87 2l*.75 2U.10 
* 23.1U 26.19 25.U7 

39 25.11 27.26 26ol9 
16098 , 26.90 25.11 

Analysis of Variance 

Source df SS MS 

Reps* 5 102.0327 20.1|065*i'<-
Treat# 2 121.1*075 60.7038-:HJ-
RrT 10 32.0332 3.2033 
Error 18 5U.11U1 3.0063 

Total 35 306.$875 

(a*-) significant at the o01 level 

CV - 6o80% 
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Table U60 Retention of vitamin A after 12 hours incubation with rumen 
liquor from steers on a 70% roughage ration with in vitro 
additions of KNO .̂ 

Vitamin A acetate added: 32.28 meg. 

Steer No. Adjuvant as % of rumen liquor Steer No. None .25% KN03 05% KN03 1% KNO3 

202 23.80 2U.93 22.72 25.11 
28.01* 19«19 22.36 25.11 

39 lii.83 17.6U 17.23 16.73 
18.95 1802U 18.00 19.19 

30 18„2U l8o00 16.36 15.76 
19.U3 20.15 18.00 15«52 

0 17.76 17.61* 16.00 16.85 
18.12 16.00 16.60 17«6U 

Analysis of Variance 

Source df SS MS 

Reps. 3 25lo96l4ii 83.9881W 
Treat* 3 9.1028 3.03U3 
RxT 9 32.1560 3.5729 
Error 16 U7.398U 2.962U 

Total 31 3l|0o62l6 

(--Hi-) significant at the „01 level 

CV - 9.02# 
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Table 1*7 • Retention of vitamin A after 12 hours incubation with rumen 
liquor from steers on a 30$ roughage ration with in vitro 
additions of KNO .̂ 

Vitamin A acetate added: 32.28 meg. 

ni. _ „ Adjuvant as % of rumen liquor 
steer No° ^ .25* KNO3 —.$% KNO3 ITKNO3 

202 20.75 17.1*8 16.21* 20.33 
21.61; 17.50 18.95 16.36 

203 18„95 19.85 20.03 16.98 
20o75 1U.15 19.61 17.61* 

202 20.U5 21.16 16.1*8 17.78 
20.33 16.98 18.12 16.36 

203 2l„l*6 21.31* 21.1*6 18.1*2 
20.87 19.1+3 21.1*6 19.33. 

AnalyBis of Variance 

Source df SS MS 

Reps. 3 22.5858 7.5286 
Treat„ 3 33,6189 11.2063* 
RxT 9 21.71*27 2.U58 
Error 16 1*3.6096 2.7256 

Total 31 121.5570 

(#) significant at the o05 level 

CV - 8068£ 
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Table 1*8. Retention of beta-carotene after 12 hours incubation with 
rumen liquor from steers on an all-roughage ration with 
in vitro additions of KNO^o 

Beta-Carotene added: 15.60 meg. 

o+ w Adjuvant as % of rumen liquor __ 
a leer NO. B25% KNC>3 0S% KN03 1% KN03 

0 7.1*3 9.35 7.23 6.66 
7.62 7.30 7.U3 7.69 

30 8*1*3 12.72 8.09 7.56 
11.20 8.1*3 9.57 7.U3 

Analysis of Variance 

Source df ss MS 

Reps0 1 10o112l* 10„112l* 
Treato 3 9.61*39 3.211*6 
RxT 3 2.51*66 081*89 
Error 8 16.8119 2.1015 

Total 15 39 a 111*8 

CV - 17.30# 
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Table 49. Retention of beta-carotene after 12 hours incubation with 
rumen liquor from steers on a 30% roughage r ation with in 
vitro additions of KN03• 

Beta-Carotene added: 16.93 meg. 

Steer No. None 0 1 KN03 

202 14.63 l4o25 1.4.44 13.29 
14.82 1.4.82 14.44 14.63 

203 14.56 14.06 15.02 14.63 
14.67 14o82 14.14 13.48 

Analysis of Variance 

Source df ss MS 

Repso 1 .ooc. .0002 
Treat. 3 o9812 .3271 
RxT 3 .0496 .0165 
Error 8 2.4216 • .3027 

Total 15 3.4526 

cv • 3.81% 
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Table 50. Retention of vitamin A after 12 hours incubation with rumen 
liquor from steers on an all-roughage ration with in vitro 
additions of KNO,,. 

Vitamin A acetate added: 32.6JL4. meg. 

Steer No. Adjuvant as % of rumen liquor Steer No. None .25% KNO2 ,5% KNO2 12 

202 32.17 31.27 23.80 6O95 
30.19 31.69 15.76 6.70 

203 7.1*7 7.U7 8.17 1*.37 
7.38 7.38 7.38 7.01* 

202 15.17 17«U8 12.00 6.79 
15.76 18.1*2 1Uo83 9o26 

39 11.69 U1083 5.1*7 5.96 
16.00 19.85 7.56 17.76 

30 30.01 3U.02 12.00 11.90 
35.99 29.36 18.00 9.51* 

39 31.69 33.06 35.99 16.60 
31.69 32 .lil 30.19 19.31 

Analysis of Variance 

Source df SS MS 

Reps. 5 2592.8653 518.5730K-& 
Treato 3 1315«2370 1*38.1*123** 
RxT 15 8UU0OO7I 56,2671** 
Error 21* 220„l*9l5 9.1871 

Total 1*7 U972 06OO9 

(*-#) significant at the O01 level 

CV - 16„96£ 
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Table 51. Retention of beta-carotene after 12 hours incubation with 
rumen liquor from steers on an all-roughage ration with 
in vitro additions of KN0gO 

Beta-Carotene added: 15.90 1 meg. 

Steer No. Adjuvant as % of rumen liquor Steer No. None .25% KNOg .556 KNO2 1% KN02 

30 12.03 8.99 9.57 2.51 
10.25 12.37 10.80 3.20 

39 Uw83 11.38 11.20 3.71 
12.22 12.72 9.87 7.17 

30 11.68 13.55 12.56 li.ol* 
11.20 13.29 12.56 11. Ql* 

39 H*.l*l* 1U.06 13.18 12.72 
13.29 13.29 12.03 12.03 

30 13.1*8 13.91* 13.68 6.66 
ll*.l*l* 1 13.1*8 12.91 5.88 

39 ll*.06 15.67 17-01 111. 06 
lli.25 lli.l*l* Hi. 63 13.91* 

0 13.1*8 13.02 12.56 12.61* 
11.21 12.83 12.56 111. 82 

39 ll06l 11.53 lli. 06 11.53 
12.22 13.29 11.38 10.72 

Analysis of Variance 

Source df SS MS 

Reps. 7 I8I1088I16 26.1*12 3* 
Treat. 3 122.1302 1*0.7101** 
RxT 21 11*6.6673 6.981*2** 
Error 32 36.8997 1.1531 

Total 63 1*90.5818 

(•a) significant at the .05 level 
(**-) significant at the O01 level 
CV - 8.96# 



89 

Table 52. Retention of vitamin A after 12 hours incubation with rumen 
liquor from a steer on a 30# roughage ration with in vitro 
additions of KNOg. 

Vitamin A acetate added: 32.56 meg. 

Steer No. Adjuvant as % > of rumen liquor Steer No. None 025% KN02 .556- KN02 1% KN0g 

291 32.58 3Uo26 33.5U 32.58 

291 36.23 37.61 37.61 37.07 
35.75 37.91 36.23 37.31 

291 35.99 6.79 10.69 1*.8U 
37.31 15.29 7.61* 5.79 

291 39.0k 39. Oil 39.3U 3U.98 
39. OU 38.15 36.53 36.77 

291 3U.98 35.99 37.91 29.60 
37<>91 39cOU 38.7U 3U.02 

Analysis of Variance 

Source df SS MS 

Heps. U 1390s 3608 3U7.59U8** 
Treato 3 IU8.I426U U9.U75$*i* 
RxT 12 1*97,5526 1*1.1*62 7** 
Error 16 68.2U2U 2.5089 

Total 35 ia31ol032 

(•SHS-) significant at the .01 level 

CV - 6.50% 
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Table 53. Retention of beta-carotene after 12 hours incubation with 
rumen liquor from a steer on a 30$ roughage ration with 
in vitro additions of KNO .̂ 

Beta-Carotene added: 15.60 meg. 

Steer No. Adjuvant as % I of rumen liquor Steer No. 
None . 025% KNO2 .5% KN0g 1% KN0g 

291 13.68 12.56 11.68 16.70 
12.03 13O29 12.91 13.60 

291 15.25 12.91 12.30 12.72 
15-iUi IU0O6 1U.UU lli.25 

291 15.90 6.18 .3U 2.03 
15.36 3.U0 .25 1.U8 

291 15.70 15.70 16.20 13.91* 
10.20 1U.06 U.06 15.67 

291 18.20 19.23 18.20 12.91 
17.58 16.20 17.21* 13.68 

Analysis of Variance 

Source df SS MS 

Reps. h 597O0053 Ui9.U5L3A* 
Treat. 3 100.0322 36.0107#* 
RxT 12 233O9008 19»U991«* 
Error 20 29.2739 1.1*637 

Total 39 969«1002 

(«0 significant at the O01 level 

CV - 9.2156 
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Table 54. Retention of vitamin A after 12 hours incubation wit h rumen 
l iquor from steers on an all-roughage ration with in vitro 
additions of Santoquin or DL-alpha tocopherol. -- ----

Vitamin A acetate added: 32.28 meg. 

Adjuvant as % of rumen l iguor 
.oo2S% Steer No. o002S% 

None Santoquin Tocopherol . 

0 19.61 17 .. 48 14.15 
18o 77 21.46 17.48 

30 20. 87 21.34 17.10 
21.94 23.80 17.70 

39 22.84 24.63 19 .. 19 
22.36 23.80 20.57 

0 18.95 24.27 16o98 
22.24 24.10 15.41 

30 23 .. 44 23ol4 15.52 
21.64 24 .75 15.64 

39 20. 45 23ol4 16.73 
20., 87 18. 77 18.53 

Analysis of Variance 

Source df s~ NS 

Reps. 5 52.7573 10.5515~:-: :-
Treat. 2 194.2165 97 .1082-;:-;;. 
RxT 10 28o8193 2o8819 
Error 18 39 . 8461· 2.2137 

Total 35 315.6395 

(-::-ll- ) significant at the .. 01 l evel 

cv - 7.35% 
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Table 55. Retention of vitamin A after 12 hours incubation with rumen 
liquor from steers on an all-roughage ration with in vitro 
additions of Santoquin or DL-alpha-tocopherol. 

Vitamin A acetate added: 32.28 mega 

Adjuvant as $ of rumen liquor 
Steer No0 .005$ o0052 

None Santoquin Tocopherol 

0. 8.99 13.26 3.99 
10.89 13.81 5.15 

30 3.25 1U.9U U.37 
9.17 12.73 6.79 

39 5.39 lii.9U 6.70 
8.08 1U.25 6.79 

0 U.22 10.79 . 8.08 
3.92 10.99 1.96 

30 U.76 11.1*9 5.96 
3.77 11,80 3.62 

39 3.69 11.39 5.55 
\ 7.30 10.99 2.95 

Analysis of Variance 

Source df SS MS 

Repso 5 U7o9898 9 0 5980S* 
Treat. 2 39U«8276 197.U138-"-k-
RxT 10 30.U833 3.01*83 
Error 18 6I.J4268 3.1026 

Total 35 531io7275 

00 significant at the . ,05 level 
significant at the .01 level 

CV - 23.2U* 



Table 56. Percent cellulose digestion in vitro after 2k hours incubation with rumen 
microorganisms in artificial saliva„ 

t i ; ' 

Reps. 
Solka Floe Alfalfa 

Alfalfa plus 
.005# Santoquin 

Reps. gms„ 
cellulose 

% 
digestion 

gms. 
cellulose 

% 
digestion 

gtns. 
cellulose 

% 
digestion 

1 „1788 79.75 .161*8 53.80 .221*5 1*8.06 
.1789 79.U1 .1610 5U»36 .221*5 51.67 

2 .1772 72.91 .257U 53.22 .2571* l*l*.6o 
.1769 7U.8U .2576 55.9U .257U 33.33 

3 .1758 70.76 .,2357 U9o26 »2355 35.12 
.1759 72.03 .2356 50.85 .235U 39.53 

V) 
u> 
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Table 57 * Percent cellulose digestion in vitro after 2U hours incu-

celluloae GIns, cê -û -ose % digestion 

Solka Floe .1708 87.53 

Alfalfa .1603 57.89 
.1609 55.80 
Ol6o8 5U«U8 

Alfalfa + .1607 57.56 
.0008755s Santoquin 0I6OI 55.90 

Alfalfa + .1609 U8.5U 
.00175$ Santoquin Ol6o6 53.2U 

Alfalfa + .1607 1*9.78 
.0025$ Santoquin ' .1607 U8.29 

Alfalfa + .1606 U6.70 
.005$ Santoquin .1607 U7.ll 

Alfalfa + ol603 50.59 
.01?! Santoquin .1603 . U3.61 

Alfalfa + .1601 U5.85 
.02$ Santoquin .1603 1*7.22 
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