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I. RIBOFLAVIN, NICOTINIC ACID, AND PANTOTHENIC AGID

IN RUMEN CONTENTS OF SHEEP
INTRODUGT ION

Meny thousands of pounds of vitamins are discarded yearly by the
packing industries in disposing of the contents of the rumen from the
cattle and sheep. Until the last few years, no attempt has been made
to process the rumen contentsvto recover any of these valuable nutrients.
The recovery of a pdrtion of the vitemins present in the rumen contents
might provide a means of economically disposing of this waste material
as well as produce a product of considerable value as a vitamin sup-
plement for swine, chickens, and other non-ruminants.

The feasibility of processing rumen contents to recover the vita-
miné would depend on whether the quantity of vitaemins was sufficient
to make it profitable, Since it has been observed that the vitamin
concentration of rumen contents ﬁéries greatly depending on the type
and quality of ration fed, this study has been made to determine the
effect of differences in (1) the quality of roughage fed, (2) the avail~
ability of the carbohydrate fed, and (3) the inorganic matter fed on
the riboflavin, nicotinic acid, and pantothenic acid content of the

whole rumen material.



REVIEW OF LITERATURE

The suggestion that the bacteria of the rimen might synthesgize
vitamins was probably first presented by Theiler, Gréen, and Viljoen
(38) in 1915. They stated, "We think it is at least possible that the
vitemin requirements of cattle are so low that they may even be covered
indirectly by synthesis carried out by the extensive bacterial flora of

the intestine.” In 1923 using Bacillus vulgatug, an organism found in

the rumen, in in vitre studies Sheunsrt and Shieblich (31) demonstrated
that these organisms could synthesize vitamin B.

In 1928 Bechdel et al. (4), using a cow with a permanent fistula
for sampling the rumen contents, fed rats an extract prepared from the
rumen contents and this extract proved to be a potent source of vita-
min B, although the ration fed the cow was practically devoid of the vi-
tamin B complex. In the same study they found that a bacteria which
they designated as of the genus Flavobacterium, which predominates in
the rumen, also produced the vitamin B complex when grown in vitro.

After these preliminary qualitative investigations were carried
out, McElroy and Goss (24, 25, 26, 27, 28) in a series of quantitative
studies demonstrated that thiamin; riboflevin, pantothenic acid, and
pyridoxine were synthesized in the rumen. Their studies were carried
out using both sheep and cattle fed a ration practically deveid of the
vitamin B complex. They found an increase of riboflavin from 0,3 micro-
grams per gram in the ration to 33 micrograms per gram in the dried ru-

men contents, an 8-10 fold increase in pyridoxine, a 25«30 fold increase



in pantothenic acid, and a slight increase for thiamin. Wegner and co-
workers (41) in experiments cerried on at the same time as those of the
above group, were also able to show that the bovine specles is able to
synthesize significant amounts of thiamin, riboflavin, nicotinic aeid,
pyridoxine, pentothenic acid and biotin when fed a ration low 1n these
compounds, Hunt and associates (14) also found that riboflavin and thia-
min are synthesized in the rumen, but that the thismin is either absorbed
or destroyed quickly.

Rumen contents or some éoncentrate made from rumen contents might
be used for a supplement for chicks and other non-ruminants. Booth and
Hart (6) proposed a method for meking a concentrate in which they heat-
ed rumen contents to 194° Fo, pressed out the fluid, and evaporated the
solution to dryness at low temperature obtaining an extract containing
17 to 20 micrograms of riboflavin per gram,y Hammond (11) used dried
rumen contents as a substitute for alfelfa leaf meal in a chick ratlion
and found it to be as good or better than the alfalfa leaf meal as a
vitemin source. Frey and Pratzer (9) also found that dried rumen con-
tents would furnish most of the vitemin requirements for chicks.

Thet the type and quality of ration fed affects the production of
vitamins in the rumen is suggested by the statement of Hunt end asabci-
ates (13), "It is also apparent that the kind and state of the feed con-
sumed are factors in the synthesis of riboflavin in the rumen." Their
results indicated that the higher the cerbohydrate content of the ra-
tions the greater the riboflavin production in the rumen. Lardinois
gt al. (16) found that if a readily available carbohydrate were present
there was an increased synthesis of nicotinic acid, blotin, riboflavin,

end pantothenic acid in the rumen. That mineral cdnstituents also affect



the vitamin synthesis was demonstrated by Hale and co-workers (10) using
chicks to assay the rumen contents of cobalt defieient and cobalt sup-
plemented sheep for vitemin Bys. The chicks on the ratiqn containing
rumen contents from the cobalt supplemented sheep grew much faster than

those on the ration ceontaining the rumen contents of the cobalt defi-

cient sheep.



MATERTALS AND METHODS

Source of Material. Sixteen sheep were paired according to size

and weight by Mr. Chappel of the Animal Husbandry Department. The pairs
were fed eight different rations of compeosition as shown in Table I for
£hirty days to bring the contents of the rumen into equilibrium with

the ration being fed. The sheep fed rations 1 through 6 were providéd
with salt ad libitum. The sheep fed ratioms 7 and 8 were allowed only
the minerals included in their respective rations. At the end of this
equilibrating period the sheep were sacrificed four at a time on succes-

sive days.

Collection and Treatment of Materials. The rumen and reticulum
contents were removed from the sheep as quickly as possible and acid-
ified to minimize vitamin destrustion, then the contents were placed in
shallow pans and autoclaved for five minutes at fifteen pounds presswre
to stop bacterial action., The contents were then dried iﬁ a forced
draft oven at 80° C. after which they were ground in a Willey Mil1,
placed in sample bottles, and stored until they were analyzed for ribo-
flavin, nicotinic acid, and pantothenic acid.

Analytical Methods. The vitamin contents were determined by mi-

crobiological assay on acid or enzyme digests of homogeneous samples of
the rumen contents. Hydrolysates for nicotinic acid analysis were pre-
pared by heating 2.5 grams of dry matter with 50 ml. of 0,1 N sulfuric

acid in an auteclave for 15 minutes at 15 pounds pressure. The samples



were then neutralized, diluted to a volume of 100 ml, and filtered. The

filtrates were analyzed for nicotinic acid using Lactobacillus arasbinosis

17~5 essentially according to the procedure of Snell and Wright (37).
Hydrolysates for ribeflavin determination were prepered by heating 2.5
grems of dry material with 50 ml., of 0.1 N Hydrochloric acid in an auto-
clave for 20 minutes at 15 pounds pressure. These semples were then
neutralized using 0.5 N potassium hydroxide to prevent sodium chloride
toxicity (22), diluted to a volume of 100 ml., and filtered. The fil-
trates were analyzed for riboflavin using Lactobacillus casel and es-
sentially the procedure of Snell and Strong (36). TFor the determination
of pantothenic acid the digestion procedure used was that of Ives and
Strong (15) employing "Mylase P." One gram of dry material was suspended
in 50 mi. of distilled water, autoclaved for 15 minutes at 15 pounds
pressure, cooled to room temperature, and O,1 gram of "Mylase P" added.
The solution was buffered with 2.5 ml. of 2,5 M sodium acetate and the

pH adjusted to 4.8 using a Beckman pH meter. The mixture was then layered
with toluesne, corked and incubated for 24 houwrs at 50° €. At the end of
the incubation period the samples were diluted to 100 ml., readjusted

to a pH of 4.8, and filtered. The filtrates were then analyzed for pan-

tothenic acid using Lactobacillus casei and the media and procedure of
Barton -~ Wright (3).

It is recognized that the currently awailable methods of hydroly-
sis and digestion, suech as were employed in this study, result in lower
than the true values due to partial destruction during the drying pro-
cess and in the case of pantothenic acid not all of it being freed by
the digestion procedure. Values presented in Tables II, III, and IV

should, therefore, be regarded as minimal particularly in the case of



riboflavin and pantothenic acid. Such minimum values, nevertheless, are

useful in evaluation of the effects of different factors on the produc-

tion of the vitamins by the bacteria of the rumen. The values given

are the averages of at least two assays on a single hydrolysate for nic~

otinic acid, and averages of assays from two separate hydrolysates and

digestions for riboflavin and pantothenic acid.

TABIE I

COMPONENTS OF RATIONS CONSUMED BY SHEEP

Feed

N NI SRR SOOI A,

Retion Number (amount fed in grams eir dry basgls)
7. 8

o

Alfalfa
Hay
Prairie
Hay
Sorghum
Silage
Corn
Soybean
Meal
Ures
Corn
. Cobs
Corn Gluten
Meal
Corn
Syrup
Corn
01l
CaHPO
Alfalfa
Ash

360

600 360 360.

360

422 320 350 420 720 177 177
120 9% 20 80

18 ‘
318 318

21 11
49 49
21 21

Vo

Total Amount
Per Day

600 800 800 800 800 800 712 754




RESULTS AND DISCUSSION

The vitamin content (riboflavin, nicotinic acid, and pantothenie
acid) of rumen contents and the rations fed are presented in Tables II
through V. The vitamin synthesis in the rumen is shown by the percent-
age increase of the amount of vitamin in the rumen contents above the
amouﬁt calculated to be present in the ration based upon the analysis
of the ration components.

Riboflavin (Table II). The addition of carbohydrate and a nitrogen

source (Ration 1 vs., 2) more than tripledvthe‘synthesis of riboflavin
by rumen microorgenisms. The concentration was 6,2 micrograms per gram
in the rumen cbntents of the animal fed ration 1, an increase of 3%%
above the amount present in the prairie hay. Rumen contents of the
animals fed ration 2 contained 8.6 micrograms per gram, an inerease of
290%. Altering the source of nitrogen (Ration 2 vs. 3) did not change
the asmount of riboflavin in the rumen contents appreciably, 8.6 micro-
grams per grem as compered with 9.5 micrograms per gram (290 va, 296%
increase). Comparing the effect of different types of roughageA(Rations
3, 4, and 5) it is seen that the silage favors the synthesis of ribo-
flavin, the content increasing 327% on the silage ration, 296% on the
prairie hay ration, and 125% on the alfalfa ration. Absolute concen-
trations for these treatments are 9.5, 13.7, and 11.7 micrograms per
gram respectively. Thus, although the amount synthesized varied widely,
the absolute amount in the rumen contents was shifted within relatively

narrow limits. Rations 1, 3, and 6 demonstrate that a more readily



available carbohydrate greatly increases the synthesis of riboflavin with
percentage increases of 88, 206, and 560% respectively; however, as above,
the absolute values varied relatively less, 6.2, 9.5, and 9,9 micrograms
per grem. It would appear that the provision of an adequate supply of
energy and protein tends to stabilize the riboflavin concentration of the
rumen contents, Influence of inorganic nutrients is demonstrated by the
comparison of rations 7 and 8, The addition of alfalfa ash caused an
inerease in the amount of riboflavin in the rumen contents from 6.4 mi-
crograms per gram (Ration 7) to 8.2 micrograms per gram. This represen-
ted a 256% increase in ration 7 and a 356% increase in ratiom 8.

Nicotinic Acid (Table III). The concentration of nicotinic acid

in rumen contents was increased from 51.4 to 8.0 micrograms per gram

by the addition of carbohydrate and nitrogen to a prairie hay ration
(Ration 1 vs. 2). The percentage increases were 254 and 453 respectiv-
ely above the amount of nicotinic acid present in the ration. Substi-
tution of soybean meal for urea as the source of nitrogen (Ration 2 vs.
3) increased the concentration of nicotinic acid from 84.0 to 100,44 mi-
crograms per gram and the gynthesis from 452 to 513% above that in the
ration consumed. It is seen by comparison of rations 3, 4, and 5 that
silage favored the synthesis of nicotinic acid as it did riboflavin.
Absolute concentrations were 100.4, 148.6, and 138,.8 micrograms per gram
for the respective treatments with percentage increases of 513, 604, and
493. That a more readily available source of carbohydrate increased the
nicotinic acid concentration of rumen contents was demonstrated by the
results found with rations 1, 3, and 6. The absclute concentrations were
51.4, 100.4, and 108.4 micrograms per gram respectively with percentage

increases of 245, 513, and 542. The tendency for the concentration of



TABLE II

RIBOFLAVIN CONTENT OF RATIONS CONSUMED AND OF
RUMEN'GONTENTS OF SHEEP

Pregent in Present ih Percent-

Ration Sheep  Ration Mi- Rumen Con- age
Number Ration Number crogms/gm. ‘tents Mi- Increase
Dry Matter crogms/gm.
Dry Matter
1 Prairie Hay 2 3.3 6.3 91
23 6.1 85
Ave. 6.2 Ave, 88
2 Prairie Hay, 5 2.2 8.2 273
Corn, Urea 11 8.9 306
3 Prairie Hay, 6 2.4 9.0 275
Corn, Soybean 18 10.0 1
Meal 9.5 206
4 Silage, Corn, 7 3.2 15.1 372
Soybean Meal 12, 12.2 281
’ 13.7 327
5 Alfalfa, Corn, 10 5.2 12.1 133
Soybean Meal 29 11. 17
11.7 125
6 Corn, Soybean 4 1.5 9.1 507
Meal 14 10.7 613
9.9 560
7 Corn Gob 8 1.8 6.3 250
Basal 124 6.5 261
6o 256
8 Corn Cob Basal 1 1.8 7.0 289

b
;

+ Alfalfa Ash 13

o0
-4

N
W
N
o
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nicotinic acid to be stabilized by improved nutrition was not as great

as was the case with riboflavin. Good quality roughages, silege and al-
falfa, definitely favored synthesis of nicotinic acid and resulted in

a rumen contents which contained more of this vitamin than other rations.
The addition of alfalfa ash to the corn cob basal ration (Ration 7 vs. 8)
shows the influence of inorganic constituents on the synthesis of nico-
tinic acid. The percentage increases were 267 and 367 for rations 7 and
& respectively with absolute amounts of 68.2 and 86.9 micrograms per gram.
Addition of this mineral supplement improved nicotinic acid synthesis
less strikingly than it affected riboflavin formation.

Pantothenic Acid (Table IV). The addition of carbohydrate and ni-

trogen (Ration 1 vs. 2) brought about a change from an apparent loss of
pantothenic acid to an increase. Absolute concentrations were 8.3 mi-~
crograms per gram in the rumen contents of the sheep fed prairie hay
alone and 1..3 micrograms per gram in the rumen contents of the sheep
fed corn and urea in addition to prairie hay, an increase of 78% above
that in the ration consumed. Changing the source of nitrogen (Ration 2
vs, 3) did not change the amount of pantothenic acid in the rumen con-
tents appreciably, 14.3 and 17.5 micrograms per gram respectively (78
vs. 84% increase). By ecomparing the influence of different types of
roughage (Rations 3, 4, and 5) it is seen that there is little effect
on the concentration of pantothenic scid. Absolute concentrations for
these treatments were 17.5, 16.4, and 22.6 micrograms per gram respec—
tively with percentage increases of 84, 8, and 37. It is seen, that as
in the case of riboflavin, the pantothenic acid concentration of rumen
contents tends to be stabilized by the provision of energy and protein.

& more readily available carbohydrate, (Ration 3 and 6) greatly increases



TABLE I1I

NICOTINIC ACID CONTENT OF RATICHNS CONSUMED AND OF

RUMEN CONTENTS OF SHEEP

Present in Present in  Percent-
Ration Sheep Ration Mi- Rumen Con- age
Number Ration Number crogms/gm.  tents Mi- Increase
' Dry Matter crogms/gm.
Dry Matter
1 Prairie Hay 2 14.5 50.2 246
23 52.5 262
Ave. 51.4 Ave, 254
2 Prairie Hay, 5 15.2 7.7 411
Corn, Urea 11 20.3 494
8.0 453
3 Prairie Hay, 6 16.4 108.1 559
Corn, Soybean 18 2.8 466
Meal 100.4 513
4 Silage, Corn, 7 21,1 151.6 618
Soybean Meal 122 . 590
148.6 60/,
5 Alfslfa, Corn, 10 23.4 139.9 498
Soybean Meal 29 137.6 488
138.8 493
6 Corn; Soybean 4 16.9 120.0 610
Meal 1 9.8 473
108.4 542
7 Corn Cob 8 18.6 69.0 ZZl
Basal 12 67, 262
1 N 267"
8 Corn Cob Basal 1 13.6 78.6 323
+ Alfalfa Ash 13 95.2 412
86,9 367

12
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the concentration of pantothenic acid in the rumen contents giving values
of 17.5 and 30.1 micrograms per gram. These compared with 8.3 in the
rumen contents of animals receiving prairie hay alone. The all-concen-
trate ration (Ration 6) highly favored the synthesis of pantothenic acid
resulting in the highest values found in this study. The addition of
alfalfa ash did not effect the pantothenic aecid content to the extent

it did riboflavin and nicotinic acid, but there was an increase from
16.4 to 18.7 micrograms per gram in the rumen contents of the sheep fed
rations 7 and 8 respectively with percentage inereases of 215 and 260,

Although the constituents of the ration did effect the B vitamin
composition of the rumen contenﬁs of sheep, it is doubtful whether the
amounts found even under the most favorable circumstances would be suf-
ficient to make the processing of rumen contents profitable. The average
amounts for all various rations were 9,3 micrograms of riboflavin, 98.4
nicrograms of nicotinic acid, and 18.0 micrograms of pantothenic acid.
These concentrations, though too low to justify separation for their own
value, might, however, centribute towsrd a partial recovery of the cost
of disposing of rumen contents. With increasingly severe restrictions
on stream pollution, the effluent from packing houses presents an in-
creasingly difficult problem for the meat packer. Use of the expressed
fluids from rumen contents for feed supplements and the residue as a fuel
might provide an economieally sound solution to the probhlem.

The addition of alfglfa ash to the corn cob ration increased the
synthesis of all vitamins. This parallels the observation that alfalfa
ash increases the digestibility of the organic matter of a ration (7).
The bacteria of the rumen apparently need minerals to utilize the carbo-

hydrate of the ration to the fullest extent. Whether the increased



TABILE IV

PANTOTHENIC ACID CONTENT OF RATIONS CONSUMED AND COF
RUMEN CONTENTS OF SHEEP

FPresent in Present in Percent-

Ration Sheep Ration Mi-  Rumen Con- age
Number Ration Number crogms/gm.  tents Mi- Increase
Dry Matter  orogms/gm.
Dry Matter
1 Prairie Hay 2 10,1 8.1
23 8.4 '
Ave. 8,3 Ave,
2 Prairie Hmn 5 8.0 14.8 35
Corn, Urea 11 13.7 71
4.3 78
3 Prairie Hay, 6 9.5 17.3 82
Corn, Soybean 18 17.7 86
Meal 17.5 84
4 Silage, Cornm, 7 15.2 12,6
Soybean Meal 12, 20,1
16.4 g
5 Alfalfa, Corn, 10 16.5 23.4 42
Soybean Meal 29 21.8 32
22.6 37
6 Corn, Soybean 4 7.4 32.2 335
Meal 14 27,9 277
30.1 306
7 Corn Cob 8 5.2 17.5 237
Basal 124 15,2 _192
16.4 215
3 Gorn Cob Basal 1 5.2 15.4 196
+ Alfalfa Ash 13 22.0 323
18.7 260
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vitamin content resulted from the increased microbial pppulatipp gseoqia-
ted with more complete digestion, or whether it nay have been in part,
responsible ﬁor creating a more favorable ehvironment‘w;th more vigorqus
fe:mentatiop is unknown. It seems significant, however, that both in-
creased digestion of the roughage and increased vitaﬁin cpntent were in-
véuced by the addition of & highly complex mineral mixture. Eurther,atﬁd-
ies to 1llustrate the mechanism of the condition séem warranted.

Due to the wide variation in the amoyhts of vitemin found in the
runen contents of sheep on the same ration, and the amall numbg; Qf anl-

nels used in this_study, the results are not too significant.



TABLE V

AVERAGES OF AMOUNTS COF VITAMINS AND PERCENTAGE INCREASES

Amount in Amount in
Ration , Ration Rumen Contents Percentage
Microgms/gm. ‘Microgms/gm. Increase
Dry Matter Dry Matter
Riboflavin ‘
1 3.3 ‘ 6.2 88
2 202 8.6 290
3 A 9.5 296
4 3.2 13.7 327
5 5.2 11.7 125
6 1.5 9.9 560
7 1.8 6.4 256
8 1.8 8.2 356
Nicotinic Acid
1 14.5 51.4 254,
2 15.2 8.1 453
3 16.4 100,4 513
4 1.1 148.6 604,
5 R3.4 138.8 493
6 16.9 108.4 ' 542
7 18.6 68.2 267
3 18.6 86.9 367
Pantothenic Acid

1 10.1 8.2

2 8.0 1.3 78
3 9.5 17.5 84
4 15.2 16.4 8
5 16.5 22,6 37
6 Tod 30.1 306
7 5.2 16.4 215
8 5.2 18.7 260




SUMMARY

The rumen contents of sheep receiving various rations were snalyzed
microbiologically for riboflavin, nicotinic acid, and pantotheniec acid.
Prairie hay alone promoted very little synthesis of these th;ee vitaming
in the rumen. An 88% increase of riboflavin, a 254% increase for nico-
tinic acid, and an apparent decrease in pantothenic acid as compared to
the amounts in the ration consumed was found., The addition of energy
and protein to the ration greatly increased the synthesis. Increases
of 290%, 453%, and 738% above the amounts present in the ration were found

for riboflavin, nicotinic acid, and pentothenic acid, respectively.

The quality of roughage fed affected the synthesis of vitamins to
a slight extent, riboflavin and nicotinic acid particularly being favored
by feeding silage, However, the absolute amounts of vitemins present had
a tendency to be stabilized if energy and protein were present in ade-
quate amounts. A readily available carbohydrate appeared to increase
the synthesis of all vitamins., The addition of alfalfa ash to a corn
cob ration increased the synthesis of riboflavin, nicotinic acid, and
pantothenic acid by 28, 27, and 14%, respectively.

The quantity of these vitamins in the rumen contents sppears to be
too small to make economical the processing of rumen contents to recover
the vitamins, if the value of the vitamins recovered is considered as

the sole sowrce of income.
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II. THE INFLUENCE OF FERTILIZATION ON THE AMINO ACID

COMPOSITION OF CEREAL GRASSES AND ALFALFA
INTRODUCT ION

The influence of fertilization on the growth and vigor of forage
plants is well known. Less information is available on the influence
of such treatments upon the nutritive value of the plant as indicated
by chemical composition. It has been claimed recently that changes in
the amino acid composition of plants can be effected by fertilization.
The determination of the effect of fertilization on thé chemical compo-
sition of common forage plants with reference to nitrogen and amino acid
composition would provide information useful in evaluating the influence
of fertilization on forage crops,

MacVicar (23) and Reber (29) in studies conducted at this station
have shown thet the common cereal grasses contain large amounts of to=-
tal nitrogen, that most of this nitrogen is present in the form of pro-
tein or amino acids, and that the amino acid distribution is such as to
produce a protein of good quality.

The amino acid composition of a protein indicates its quallty and
thereby, to some degree, its nutritive value, The effects of fertiliz-
ers on the protein of a plant are comparable to the effects of different
rations upon an animal protein. The amino acid composition of a given
type of animal tissue was found by Lyman and Kuiken (20) to be very near-

ly the same whether it came from beef, pork or lamb with the exception
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of histidine which gave wide variations. The findings of Chibnell (8),
Tristram (40), and Lugg and Weller (18, 19) suggest that, in general,
there was a marked uniformity in the amino acid contents of the proteins
contained in the leaves of herbage species. Reber (29) found that the
general pattern of distribution of various amino acid in the total leaf
protein was similar for most cereals.

The influence of mineral nutrients upon amino acid composition of
cereal grasses and alfalfa has been studied by several workers. Sheldon
et al. (32) report that considerable differences occurred in the amino
acid content of lespedeza grown on five different types of Missouri soil,
Alfalfa grown on a single soil exhibited, in general, an increase in
amino acid content when treated with‘manganese, and bqron, er & mixture
of these with cobalt, copper, and zinc. Blue and co-workers (5) report
variations in the concentration of amine acids present in alfalfa dus
to fertilization with Mn, B, P, and K. The minor elements Mn and B gave
the greatest incrgase without altering the concentratlon of nitrogen.
They interpreted such date to indicete thet 1t wag possible to improve
the quality as well as the yield of the protein by relatively small ap-
plication of inorganic nutrients., Tisdale gt al. (39) ueing two clonal
lines of alfelfa grown in a greenhouse on flint=~shot quartz send in nu-
trient solutions with concentrations of sulfate lon varying from O to
81 ppm. demonstrated considerable difference in their relative ability
to synthesize methionine. Totael nitrogen was higher at the lower levels
of sulfur, decreasing as the concentretion of sulfur was Increased.
The percentage of methionine and eystine in the alfelfa increased
with 1ncreasing concentrations of sulfur. Sheldon, et al. (34)

also found that the methionine content of the alfalfa i1ncreased
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progressively as sulfur was applied and that this increase seemed to oc-
cur at the expense of other amino acids. Sheldon and co-workers further
(33) reported that the percentage of tryptophan varied widely with the
inorganie composition of the substrate upon which alfalfa was grown and
that the concentration of tryptophan decreased when Mg, B, Mn and Fe were
withheld from the culture solutions, while synthesis qf tryptophan was
stimulated by increased Ca content, Smith and Agiza (35) reported that
samples of first growth of the grasses and clovers contained more leucines
and arginin? and less glutamic acid than the second growth, and thet ni-
trogenous fertilizers decreased the aspartic and glutamic acid yields and
increased the leucines, phenylalanine, arginine, lysine and tryptophen
in young rye grass and late clover.

In view of these reports that mineral nutrients cause variation in
the amino acid contents of cereal grasses and alfalfa, while the make
up of an animal protein remains essentially constant, it was deemed de~
sirable to study the effect of nitrogen and phosphorus fertilization on
cereal grasses and other pasture crops,

Alfalfa plots which had received various fertilizers (phosphorus,
potassium, boron, and manure) were also available and preliminary stud-

ies were undertaken with this crop.



MATERIALS AND METHODS

Source of Meterials. Three cereal grasses, rye (Scele ceresle, L.,
var. Balbo), oats (Avenms sativa, L., ver. Wintok), and wheat (Zzitioum
gestivan, L., ver. Triuwmph); end alfalfa (mgg;gggg_gggixg,‘Lf, var, Okla-
hone, Common) were used in this study. The rye, oat, gnd wheat grassgs
were produced on Kirkland silt lqam of low fertility near Stillwater,
Oklahoma, during the 1951-52 growing season on quadruplicate plots, ran-
domized within each block, with the following fertilizer treatmente:

1. None, 2. 40 pounds of N per acre as NH,NOj applied as a top dressing
after the first clipping (Code = N), 3. 40 pounds of P,0; per acre as
superphosphate applied at seeding (Code = P), 4. 40 pounds Pp0s appli-
ed at seeding and 40 pounds applied ss e top dressing after th; first
c¢lipping (Code = NP), 5. 80 pounds of N applied as a top dreseing after
the first clipping end 40 pounds P205 applied at seeding (Code = 2NE).
The alfalfa was produced during the 1951Q52 growing season on plpté LY
tablished at the Heavener Branch Station on soil defioient in phosphorus,
potassiﬁm, end possibly in boron. These plote vere fértilizqd iﬁiﬁhg
spring of 1952 as follows: () None, (B) 320 pownds of Superphoéphatq
per scre (Code'é Pa), (C) 480 pounds af*superphosphate ﬁer'édre (Godg'a
PB)’ (D) 320 pounds of super phosphate plus 120 pounds of muriate of
potash per acre (Code = PpK), (E) 320 pounds of superphosphate plus 120
pounds of muriate of potash plus 40 pounds of borax per aere (Code =

PoKB), (F) five tons of manure per acre (Code = M).



TABLE I

EFFECT OF FERTILIZATION ON YIELD* (LBS,/ACRE) OF CEREAL GRASSES

Treatment First Clipping Second Clipping Total Yield

Balbo Rye

None 1006 1310 2316
P 1984 1209 3193
N 1006 1343 2349

NP 198, 14,96 3480

2RP 1984 1306 3290

Wintok Oats

None 199 2766 2965
P 481 2890 3371
N 199 2690 2889

NP 481 3680 4161

2NP 481 3387 3868

Triumph Wheat

None 329 1376 1705
P 705 1376 2081
N 329 1427 1756

up 705 1492 2197

2WP 705 1441 2146

¥Based on dry weight.

TABLE II
EFFECT OF FERTILIZATION ON LEAF STEM RATIO* AND YIELD OF ALFALFA

Treatment Pirst Clipping Second Clipping Totel Yield

Leaf Stem Ratio

None 1,98 0.74, 2592
Pp 2,01 0,95 3907
P3 1.79 0.62 4280
PoK 1.95 0.75 4500

PoKB 1,88 0.74 4787
M 2.18 1.02 2600

*Based on dry weight.
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Collection of Materials. When the cereal grasses had attained

heights of from 4 to 10 inches each was c¢lipped two inches from the
ground, samples were taken for amino acid assay, and total yield (dry wt.)
was determined (Table I). After the first clipping the plants were al-
lowed to grow wuntil they had attained a héight of 8 to 14 inches and then
sampled as the first elipping. After c¢lipping the samples were taken
immediately to the laboratory and dried in a forced-draft oven at 60° ¢,
They were ground in a Wiley Mill and stored in glass air-tight bottles
until analyzed for total nitrogen and amino acid composition.

The first alfalfa samples were clipped when the plants had attained
a height of from 10 to 15 inches. The second samples were taken when
the alfalfa was in the early blooming stage. After the second clipping
the alfalfa was harvested and the yield of hay calculated, as shown in
Table II, The clippings were brought to the laboratory and the leaves
were separated from the stems, The leaf and stem samples were dried at
60° C. in a forced-draft oven, then weighed and the leaf-stem ratios,
as presented in Table IT, determined. The samples were then ground and
stored as were the cereal grass samples until analyzed for total nitro-
gen and smine acid composition.

Sampling Procedure for Analyges. The samples for analysis of rye,

oats, and wheat were pooled by fertilizer treatment. Five grams of each
dried and ground sample were taken and combined to make a single com~
posite. Total nitrogen and amino acid analyses were performed on the
composite samples., For alfalfa the total nitrogen was run on each in-
dividual sample and then the samples were pooled according to treatment
as described above and the amino acid analysis run on the composite

samples.
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Analytical Methods. Total nitrogen was determined by macro-Kjeldahl
procedure according to the 4.0.4.C. (2). Amino acids were determined
by acid hydrolysis of the whole tissues. Hydrolysates were,prepared by
heating 2.5 gms, of dry material with 50 ml. of 3 N HC1l in an autoclave
for 10 hours at 15 pounds pressure. These samples were ajusted to pH
of 7 with 6 N NaOH using a Beckman pH meter, made to volume of 100 ml.

and f’ilteredo The filtrates were analyzed for methionine and lysine

using Leticonostoc mesenteroides P-60. Threonine was assayed using Strep-

tococcus faecalis R. Lactobacillus arabinosus 17-5 was used for the

assay of glutamic acid and isoleucine. For the assay of lysine, threo-
nine, giutamic acid, and isoleucine essentially the media and procedure
of Henderson and Snell (12) was employed. Essentially the procedure of
Lyman et _al. (21) for methionine using peroxide treated peptone media,
with a citrate buffer in place of acetate, was employed. The currently
available methods of hydrolysis of proteins such as were employed in

this study result in indeterminable losses, particularly when large amounts
of ¢arbohydrate are present, The values presented should, therefore, be
regarded as minimal particularly in the case of methionine which is prob-
ably considerably less tﬁan the actual amount. These values, however,
permit a considerable degree of evaluation of the effect of various min-
erals on amine acid content. The content of the amino acids are given

in the tables on the basis of percentage of total protein to conform with
general usage, the data was Qalculated'on the assumption that the mixed
proteins contained 16 percent nitrogen and that all the Kjeldahl nitrdgen

represented protein.



RESULTS AND DISCUSSION

The amino acid composition of three cereal grasses (Balbo rye, Win-
tok oats, and Triumph wheat) and alfalfa (Oklahoma common) as effected
by fertilization are presented in Tables III and VI. The values are
reported as grams of amino acid from 100 grams of protein (assuming
N = 16%).

Cereal Grasses

Methionine. The methionine content of Balbo rye, Wintok oats, and
Triumph wheat gave ranges of 1.61 - 1.95, 1.73 - 1.97, and 1,80 -~ 1.87.
Meen values were 1.76, 1.85, and 1.83, respectively. These values com-
pare very favorably with the results of Reber and MacViecar (30), who
found a value of 1.6 for the average of five cereal grasses, and with
the value of 1.2 = 1.6 for spermatophytes as summarized by Lugg (17).
There was no detectable effect of any fertilizer treatment on the me-
thionine content of these cereal grasses.

Lysine. Balbo rye, Wintek cats, and Triumph wheat gave ranges of
Lol = Leby Le3 ~ 4.9, and 4.6 = 5.4 with means of 4.4, 4.6, and 4.9,
respectively for lysine. These values compare with values of 5.0 =
6.8 for spermatophytes by Lugg (17) and 6.2 for cereal grasses by Reber
and MacVicar (30). As in the case of methionine, there was no effect
of fertilization.

Threonine. The ranges of threonine were 4.6 = 5.1, 4.8 = 5.8, and
4oR = 5.4 for Balbo rye, Wintok oats, and Triumph wheat, respectively

with mean values of 4.9, 5.4, and 4.9. These values compare favorably



TABLE III

EFFECT OF FERTILIZATION ON AMINO ACID COMPOSITION OF CEREAL GRASSES

Amino acid from 100 gms. protein (N = 16%)
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Balbo Ryeg First Clipping
None 3.84 1.73 £o5 5.1 10.4 4.9
P 3.32 1.80 Lob 4.8 9.5 5.1
_Seeond Clipping
None 3.78 1.70 4.2 La? 9.0 4.7
P 3.95 1.95 4.3 5.0 9.5 4.8
N 4.16 1.86 4.6 b4o'7 8.9 4o5
NP L.45 1.68 Lol 4.6 9.3 4.6
2NP 4.58 1.61 4ol 4.6 9.2 4.6
Wintok Oats, First Clipping
None 3.67 1.73 4.8 5.5 10.5 5.5
P 3095 1.75 4.9 5.5 9.5 5.4
Second Clipping
None 2,97 1.97 4o5 5.7 10.5 5.5
P 2,67 1.95 bod 5.8 9.8 5.7
N 3.38 1.93 4.6 4.8 10.4 5.2
NP 3.47 1.81 4o7 5.3 10.3 5.2
2NF 3.57 1.78 4.3 5.0 9.9 5.2
Triumph Wheat, First Clipping
None 3.89 1.80 5,1 5.1 9.2 5.0
P 3079 1:787 504 503 905 5"4
Second Clipping
Ncne 3.33 1.87 4.7 5.4 10.0 5.2
P 3.49 1.86 4o9 5.2 9.9 49
N 3.52 1.80 4.7 4.2 9.4 47
NP 3.52 1.81 4.8 47 9.6 4T
2NP 3.75 1.81 FAN 4T 9.6 La'T
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with the 4.8 found by Reber and MacVicar (30), but are somewhat higher
than the 3.0 - 4.0 swmariged by Lugg (17). There was no effect of
fertilization.

Glutamic‘Acid, The glutamic acid content of Balbo rye, Winték
oats and Triunph wheat varied between 8.9 - 10.4, 9.8 ~-10.5, and 9.2 -
10.0 with mean values of 9.4, 10.1, and 9.6, respectively. These values
were somewhat lower than the 11.7 of Reber and MacVicar (30), but high-
er than the 6.5 - 7.8 value of Lugg (17). Fertilization did not ef-
feet the glutamic acid content of these grasses.

Isoleucine. Balbo rye, Wintok oats, and Triumph wheat gave ranges
of 4.5 = 5.1, 5.2 = 5.7, and 4.7 M-S.A with mean values of 4.7, 5.4, and
4.9, respectively for isoleucine. These values compare with 5.8 found
by Reber and MacVicar (30), and 7.1 - 3.6 summarized by Lugg (17). The
isoleucine content was not altered by fertilization,

The total yield as shown in Table I and the protein as shown by
the percent nitrogen in Table III for all three cereal grasses increase
with nitrogen and phosphorus fertilization, but the distribution of the
amino acids assayed for in this study remain essentially the same for

all treatments,

Alfalfa
Methionine. The methionine content for alfalfa leaves and stems
ranged between 1,09 - 1,22, and 0,72 = 0.93 respectively with mean
values of 1,16 and 0.84. Assuming a leaf stem ratio of 1,0, the aver~
age value for the entire plant, 1.0, compares with the value of O.9i
for the whole plant by Armstrong (1). The 1,16 for leaves compares

with 1.2 = 1,4 for Leguninosae leaves as summarized by Lugg (17).



TABLE IV

COMPARISON OF AMINO ACID COMPOSITION OF VARIOUS CEREAL
GRASSES AS AFFECTED BY FERTILIZATION

Amino acid from 100 gms. protein (N = 16%)

Clipping Ireatment
Number _ Cereal - Nome P X NP 2NE.
Methionine
2 Rye 113 1.80
2 Rye 1.70 1.95 1.86 1.68 1,61
1 Qats 173 1.75
2 Oats 1.97 1.95 1,93 1.81 1.78
< 5 Wheat 1.80 1.87
2 Wheat 1.87 1.87 1.80 1.81 1.81
Lysine
p d Rye 4o5 4e5
2 Rye Aot L3 4.6 4 L2
1 Oats 4.8 449
2 Oats bob bod 4 .6 47 43
1 Wheat Hod 5.4
2 Wheat 4T 4.9 4.7 4.8 4.6
Threonine
1 Rye 5.1 4.8
2 Rye 4.7 5.0 4.7 AN ) 4.6
5 Oats 5.5 5:5
2 Oats 57 5.8 4.8 5.3 5.0
1 “heat 5 ° 1 5 e 3
2 Wheat 504 5.2 L.R 4.7 4.7
Glutamic Acid
1 Rye 10.Z 9.5
2 Rye 9.0 9.5 8.9 9.3 9.2
i Oats 10.5 9.5
2 Oats 10.5 9.8 10.4 10.3 9.9
: Wheat 9.2 9.5
2 Wheat 10.0 9.9 9.4 9.6 9.6
Isoleucine

3 Rye 4.9 5.1
2 Rye 4o'T 4.8 k.5 4.6 4.6
1 Oats 5.5 5.4
2 Oats 55 5T 5.2 5.2 Bk
x Wheat 5.0 5.4
2 Wheat ) 4.9 4.7 4.7 4.7
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Lysine. Alfelfa leaves and stems had a lysine content ranging between
L7 = 5.4 and 4.5 = 5.2, respectively with mean values of 5.0 and 4.8,
These values are more than twice as high as the 2,10 for Lucerne by
Armstrong (1). Thekvalug for the leaves is somewhat lower than the 6.4, -
6.5 for Leguminosae leaves as reported by Lugg {(17).

Threonine. The values for threonine ranged between 4.6 - 5.9 and
4o3 = 4.9 for alfalfa leaves and stems, respectively with mean values
of 5.4 and 4.6, which are some higher than 4.0 vf@r Leguminosae leaves
reported by Lugg (17).

Glutamic Acid. The glutamic contents for alfalfa leaves and stems
ranged between 8,8 = 9.7 and 7.1 = 7.9, respectively with mean values
of 9.2 and 7.4. The values for the leaves are higher than the 6.4 -

6.7 for Leguminosae reported by Lugg (17).

Isoleucine. The values for isoleucine ranged between 5.0 = 5.6
and 4.1 = 4.9 for alfalfa leaves and stems respectively with mean valves
of 5.3 and 4.6. Lugg (17) reported a value of 3.6 for Leguminosae leaves.

The total yield as shown in Table II was greater on the plots vhere
fertilizer was applied, bub there was no effect on the amino acid com-
posgition of either the leaves or the sbems. That the leaf and stem
protein of alfalfa are different in amino acid composition has been dem~
onstrated in these studies. The stem protein contained less methionine,
0,84 vs. 1.18; less threonine, 4.6 vs. 5.4; less glutamic acid, 7.4 vs.
9.2; and less isoleucine, 4.6 vs. 5.3; than the leaf protein. As the
plant matured the leaf-stem ratio, as shown in Table 11, decreased from
2.0 to 0.8, This would cause a ghift in the relative proportion of the
amine scids of the whole plant protein derived from leaf tissue., Dif=-

ferences in amino acid compositicn of an entire plant, attributed to
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TABLE V

EFFECT OF FERTILIZATION ON AMINO ACID COMPOSITION OF ALFALFA
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TABLE VI

COMPARISON OF AMINO ACID COMPOSITICN OF ALFALFA LEAVES
- AND STEMS AS AFFEGTED BY FERTILIZATION B

Amino acid from 100 gms. protein (N = 16%)

: oo . _ Treatment, comr s
Clipping Nome™ Py Py sz ' PKB
Methionine
1 Leaves 1.20 1,18 1.14 1,22 1,15
2 leaves 1.16 1.16 1.10 1.09 1.10
1 Stems 0.88 0.87 0.80 0.8 0.91
2 Stems 0.93 0.84 0,72 0.84 0.86
Iysine
1 Leaves 48 5.1 5,0 5,1 49
2 Leaves 4o'7 4.8 5.1 544 5.0
1 Stems 4ol 5.0 47 be 4ol
2 Stems 5.0 o6 FAN 4.6 49
Threonine
1 Leaves 5.9 406 5,2 5.5 5.7
2 L‘Q&V‘es 506 507 409 501 502
1 Stems bo5 4o 4ob 4o3 4o8
2 stema 498 498 405 404 499
Glutamic Acid
1 Leaves 9.3 8.8 9.1 9.7 . 94
2 ‘L.e’é.ves 901 900_ 801 90,1 996
1 Stems 703 704 701 768 703
2 Stems 799 702 701 792 7'09
Isoleucine
1 Leaves 503 501 502 5@3 500
2 Leaves 5.3 5.6 5.2 504 5.4
1 Stems 43 4ob 4ol 477 45
2 Stems 499 407 496 401 4&9
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fertilization, might be secondary to a variation in ratio of plant parts.
Care should, therefore, be exercised in the interpretation of data cor-
relating composition and fertilizer treatment. Whether such changes in
lespedeza and alfalfa were responsible for the differences reported by
Sheldon, gt _al. is not known, since no yield deta is presented by them.
It would seem desirable, however, to reserve judgment on the effect of
fertilizer treatment on the amino acid compcsition of the plant until
careful study is made of other possible effects of fertilization on
growbth and development of the plant., It would seem particularly desir-
able to aveid attributing changes in amino acid composition to any direct
effect of the fertilizer per se on the synthesis of a particular amino

acid,



SUMMARY

Two clippings of three cereal grasses (rye, oats, and wheat) were
analyzed microbiclogically for the following amino acids: methionine,
lysine, threonine, glutemic acid, and isoleucine to determine the in-
fluence of nitrogen and phosphorus fertilization on the composition of
leaf protein. All varieties hed a very similar pattern of distribution
of these amino acids in the bulk proteins of the c¢lippings, although the
total protein and yield were both increased. There was no apparent
alteration in the amino acid pattern due to either nitrogen or phosphorus
fertilization. Average values for all varieties for both samplings
(amino acid expressed as grams from 100 gms. of protein, assuming N = 16
percent) are as followss methionine, 1,81; lysine, 4.6; threonine, 5.1;
glutamic acid 9.7; and isoleucine, 5.0,

The leaves and stems of alfalfa from two elippings were analyzed
separately for the same aminc acids as the cereal grasses to determine
the effeect of phosphorus, potassium, boron, and manure fertilization on
the amino acid pattern of the leaf and stem proteins. Although the to-
tal yield was increased by fertilization, the amino acid composition
of the leaves and stems separately did not change appreciably. Due to
differences in ccompesition bastween the leaf stem protein, amino acid
composition of the entire plant did shift with maturity. _A change in

the leaf-gtem ratio from approximately 2.0 to 0.8 would cause an obvious
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shift in the amino acid pattern of the plant taken as a whole. Average
values for both clippings (amino acids expressed as grams amino acid
from 100 grams of protein assuming N = 16%) were as followss for leaves,
methionine, 1.16; lysine, 5.0; threonine, 5¢4% gluﬁamic acid, 9.2; and
isoleucine, 5.3; for stems, methionine, 0.84; lysine, 4.8; threonine,

4.6; glutamic acid, 7.4; and isoleucine, 4.6.
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