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AN ABSTRACT OF THE THESIS OF

Reza Kazemi-Shirazi for Master of Secience in Agriculture
Major: Poultry Nutrition

Title: Interrelationships between pyridoxine and methionine
in chigk diets.

Five experiments, using a total of 420 day-o0ld male
broiler type chicks,were conducted to investigate possible
interrelationships between vitamin B, and methionine, In
the first four experiments, purified type chick starter
diets limiting in both vitamin B, and methionine were used
while in the fifth experiment, a practical diet known to be
marginal in methionine was used.

High vitamin B, supplementation (30 mg per kg) of
a diet severely deficlent in methionine resulted in
performance inferior to that of a control diet adequate in
both vitamin B, and methionine. However, high vitamin B
in the presencg or absence of methionine was not signi-
ficantly different from the control groups with adequate
vitamin B.,. Vitamin levels in excess of 6 mg per kg (9,
6, 11, 16, 21, and 26 mg per kg) did not improve growth
and feed efficiency in an otherwise complete diet. The
vitamin B, deficient group was significantly inferior to
all other vitamin B, supplemented groups. The data on
body weight gain anﬁ feed consumption indicate that vitamin
B, (6 mg per kg) could correct a marginal but not a severe
mgthionine deficiency.

Chicks receiving 6 mg per kg of vitamin B; in a
glycine deficient diet attained comparable growtg to those
receiving the same diet but adequate in glycine.

Plasma amino acids of B.-deficient birds were
lower than those receiving 6 mg per kg of vitamin B, with
the exception of glycine, histidine, and threonine which
were much higher. ILiver vitamin B, was not significantly
different at 6 mg per kg of vitamig BG with or without

methionine when compared to a 3 mg of vitamin B6 per kg
with methionine and glycine. Moreovér, carcass protein and
SGO-T activities were significantly higher and carcass fat
was significantly lower in methionine supplemented groups



compared to those not supplemented with this amino acid.

The results on a practical type ration showed that
neither vitamin B, nor methionine supplementation signifi-
cantly improved owth and feed utilization. Carcass
protein was significantly lower in the methionine supple-
mented group than in all other treatments. Carcass fat
was significantly different from one treatment to the
other; the non-supplemented having the lowest carcass fat
and the methionine supplemented the highest.

vi
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I. INTRODUCTION

The field of nutrient interrelationships is one of
the most dynamic phases of nutrition research at the
present time: One group of these interrelationships
involves vitamin BG and proteins. Research in the field
of vitamin B6 and protein interrelationships is becoming
more oriented towards interactions of vitamin BG with each
essential amino acid. The present study deals with the
interrelationship of vitamin BG with one of these amino
acids, namely methionine.

The involvement of the coenzyme form of vitamin Bg
in amino acid metabolism can be attributed to its known
functicns in transamination, deamination, reamination,
decarboxylation, and racemization. There are many hypotheses,
however, to explain the significance of each one of the
above functions and also the mode of action of the vitamin
in amino acid absorption.

Methionine is frequently listed as the principal
limiting amino acid in most modern day poultry rations.
Since the quality of the protein depends on the adequacy of
each one of the essential amino acids, many research workers

have attempted to improve protein quality by different

methods such as using a mixture of proteins or adding the
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synthetic forme of the deficient amino acids. Because protein
rich feedstuffs are considered the most expensive ingredients
in a ration, any attempt at improving their utilization at

a low cost should be taken into consideration. Vitamin B6
can be purchased in crystalline form and the amount needed
for supplementation in excess of the minimum requirehent
established {3 mg/ke of diet) is very minute. The
supplexentation, therefore, could be practiced with little
additional cost per kg of diet. The practical implications
of vitamin B6 supplementation are more noticeable in

today's modern broiler rations which are characterized by
having high energy and high protein levels., Efforts

directad towards faster growth and better feed utilization

of broiler rations have ignored the importance of vitamin

B6 especially in a ration which is marginal in either vitamin
B¢ or methionine.

In the first two preliminary experiments, an attempt
wae made to establish the vitemin Bﬁ level under the con=
ditions of this study beyond which no extra growth or
improvement in feed efficiency could be obtained; thus
excluding one of the variable factors in subseguent expe-
riments, The third experiment was designed to determine
whether vitamin 36 could completely alleviate a severe
methionine deficiency, while in the fourth experiment, the
effect of vitemin B6 supplementatian to a partially methionine

deficient diet was investigated. The last experiment was



set up to study the effects of vitamin B6 supplementation

of a methionine~-limiting practical chick starter ration.



IT. REVIEW OF LITERATURE

Several reports have appeared in the literature
concerning different aspects of vitamin 36 and protein
metabolisn, Zach study was carried out with the intention
of elucidating a small pait of the whole problem, a
combination of these has rendered a better understanding
of vitamin BS end protein interactions. Nost of these
studies were centered around the effects of dietary vitamin
BG on the utilization of dietary proteins as measured by
either vitamin B6 or amino acid concentration in tissues.
There are also a few reports on the influence of vitamin
BG on carcass conposition of rats and cockerels. Practical
aspectes of vitanin B6 has gained some attention during the
past decade. The review that follows covers selected

aspects of the above mentioned areas.

Vitamin BS and Protein Metabolism

Vitamin 36 is involved in oxidative deamination of
the D-amino acids with subsequent reamination of the keto
acids to the I-isomers (Berg, 1959, pp 57=96; Braunstein
and Azarh, 1957). In transamination, it presumably acts as
a carrier for the amino group through the formation of a

shiff's base between pyridoxal phosphﬁte and the amino acid

4



(Sehlenk and Snell, 1945; Lichstein et al., 1945). In the
absence of pyridoxine, reamination of the D-isomers is
reduced.

There is some evidence that vitamin B6 deficiency
may affect D—amino acid oxidase activity as well. Homogenized
kidiney from rats deficient in pyridoxine exhibited only one
third as much D-amino acid oxidase activity as did kidney
honogenates from pyridoxine adecuate rats (Armstrong et al.,
1950), There are also differences in utilization of different
J-amino acids as affected by the rates of reaction with
J—amino acid oxidases. The D-isomers of valine, leucine
and isoleucine are very poor substitutes for their L-isomers
in comparison with D-nethionine and D-tryptophan and their
I-isoners (Berg, 1959, pp 57-936). Utilization of D-trypto-
than is decreased in vitamin Bﬁ deficient rats due to an
impairment of the fornmation of indolepyruvic acid from
tryptophan (Braunstein and Azarh, 1957; Harding-Charconnet,
1959).

Although various functions of vitamin By in protein
netabolism are well established, several others are not yet
¢learly defined. Sauberlich (1961) proposed that when an
amino acid is limiting, added anounts of vitamin BG in the
diet may have a "sparing effect" by allowing more incorpo-
ration of the limiting amino acid into protein and growth
instead of being channeled into oxidative pathways. Moreover,

nigh levels of pyridoxine in the diet could enhance conversion



of the D—isomers of certain amino acids %o the natural
TL-form and as sach improve growth and feed efficiency as
was confirmed by the work of Braunstein and Azarh (1957).

Christensen (1962, 1963) presented evidence for the
participation of vitanin B6 in the cellular uptake of the
amino acids. He proposed that vitamin Bg deficiency
reduces cellular uptake of amino acids but the reactions
involved are unknown. In a high or adequate vitamin B6
ration, cellular uptake, including intestinal absorption
was improved. The possibility that very high intake of the
vitamin should be more effective than an adequate level was
questioned. It was pointed out, however, that excess intakes
might result -in greater absorption of one amino acid at the
expense of another, thus causing an amino acid imbalance with
adverse effects. |

Aketo et al. (1960) reported that the rate of
disappearance of L-isomers of amino acids from the intestinal
lumen was increased, while that of D-isomers was unaffected
after injectimg vitamin B6 in rats. This suggests that
vitamin 36 is involved in the absorption of L-amino acids
from the small intestine in this species.

Both quality and quantity of proteins in a ration
seenm to play an important role in determining the need of
the animal for vitamin Bg. Cercedo and Foy (1944) observed
that the onset of the characteristic dermatitis of vitamin

B6 deficiency in rats was accelerated on a high protein



diet. Partnermore, Cercedo et al. (1948) noticed better
resistance to vitamin BG deficiency symptoms when the rats
were fed & Low—protein diet. In a 15% purified casein
diet with no pyridoxine, survival was more than 100 days
end the skin lesions appeared after about 90 days. When
0.31% TIL-nethioaine was added to the above diet, skin
lesions appearel after 17 days and average survival time
wag 41 days. |

Kirchzessner and Frienecke (1967) concluded that
as in the rat, the vitamin 286 requirenent in the growing
cockerel is related to protein intake, and that, sinilar
to the pig, there is a range of sub-optimal intake in which
the deficiency signs do not appear but weight gain and
nitrogen depositcion are affected. In preliminary trials
with day-ol1d VWhite Leghorns fed diets containing 18.7%
protein and 2 mz of vitamin 336 per kg, signs of deficiency
were observed bat no death occurred. Vhen 22 or 28%
protein was used, mortality was over 60% at the 2 mg per
kg basal but not with the 2.6 mg of vitamin BG per kg.

Sinilar findings have been reported with mice
(Miller and Baumann, 1945; Hawkins gt gl., 1959). Results
of Tupule and VWilliams (1955) with rats, however, indicated
that raising the protein level does not aggreviate vitamin BG
deficiency as measured by both growth and tissue concen-

tration of the witamin,



Studies with lactic acid bacteria have shown that
the omission of prefcrmed amino acids from the medium
increases the vitamin B¢ requirement (Snell and Keevil, 1954,
pp 276-280; Holden et al., 1951). Under such conditions,
amino acids must be synthesized from keto acids or hydroxy
acid precursors by transamination or by other vitamin Bg-
dependent reactions. Therefore, provision of non-essential
amino acids in the diet éhoﬁld lower the demand for the
vitamin, or conversely, increasing the pyridoxine intake
should improve growth with diets lacking in non-essential
amino acids.

Anderson et al. (1949) studied the effect of high
levels of individual amino acids on growth of chicks fed
low vitamin Bs diets and diets containing adequate amounts
of the vitamin, Grecwth was depressed by the addition of
certain amino acids to a low vitamin BS diet and increased
by the addition of the amino acid to a vitamin Bs-adequate
diet.

Armstrong et gl. (1950) reported that the supple-
mentation with D-amino acids (leucine, isoleucine, phenyl-
alanine, and valine) to a vitamin Bg-deficient diet greatly
depressed nitrogen utilization in rats. An injection or an
adequate dietary supply of vitamin BG completely overcame
the effect. ©Supplementation of the L-isomers of the same
amino acid or an equivalent amount of inorganic nitrogen

caused a smaller depression of dietar& nitrogen utilization.



Sauberlich (1951) worked on the influence of dietary
supplenent s of vitanin :Bs on the activities of L-methionine,
I-tryptophran, and Le-valine in weanling rats. The diets were
designed to be low in both vitamin B6 and the amino acid
under investigation., CGrowth and feed efficiency were
improwved by increased levels in the diet of either pyridoxine,
the amino acid under study or both. The growth promoting
activities of both the I~ and D-isomers of the amino acid
ctuadied were enhanced with increased amounts of pyridoxine
in the diet. With an optimum amount of vitamin B6 in the
diet, D-methionine and the hydroxy analogue of methionine
vere equal to L-methionine in promoting growth.

Williams (1962) carried out an experiment to study
the effect of the non-essential amino acid composition of
the diet on growth of rats fed a limited amount of vitamin
Bé. It was postulated that growth of rats fed a diet
supplenenied with = single non-essential amino acid,
together with a limit=d amount of vitamin BG’ would be
less than that observed in rats fed an isonitrogenous diet
containing a mixture of non-essential amino acids. Male rats
previousely depleted of vitamin B6 were fed diets of purified
I~ and DL~amino acids with the vitamin BG intake of 3 ug per
rat per daye. The essential amino acid mixture based on whole
egg protein contributed 0.95% of nitrogen per 100 grams
of diet and was supplenented with 0.95%. of nitrogen

fron different combinations of amino acids. During
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the first week of vitamin Bs—supplementation, a mixture
of seven non-essential amino acids (glutamic acid, aspartic
acid, glyeine, serine, cystine, proline, and tyrosine)
permitted the greatest weight gain. After the first week of
vitamin supplementation however, growth was affected much
less by variation in the non-essential amino acid
composition of the diet.

Wentworth et al. (1963) studied the vitamin By
requirement of the rat as affected by the presence or
abtsence of preformed non-essential amino acids in the diet.
The rats grew better when fed a diet containing ten essential
amino acids plus 11 non-essential amino acids compared to an
isonitrogenous ration with ten essential amino acids plus
cystine and tyrosine. When the diets were supplemented with
different levels of vitamin 36’ the growth and feed efficiency
were better when more of the non-essential amino acids were
present.

Genetic differences in vitamin B6 metabolism have
been observed in mice and chicks. Daghir and Balloun (1963)
found that the vitamin B6 requirement for growth was higher
for Leghorns than for other breeds studied. ILyon et al.
(1962) found that I strain mice, which were more rapidly
depleted of vitamin B6 had less pyridoxal phosphate and more
pyridoxamine phosphate in brain and liver than that of 057
strain of mice.

Genetic differences in methionine metabolism have
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been reported in chicks by McDonald (1957, 1958) who observed
that supplements of methionine increased the growth of
Leghorn chicks, but decreased the growth of Australorp

chicks.

Vitamin B6 and Tissue Amino Acids

Detailed studies of changes in the levels of plasma
amino acids in vitanin B6 deficiency have contributed to a
better understanding of the importance of vitamin B6 in
amino acid metabolism.

Harding et al. (1964) measured the free amino acids
in plasma and urine of human subjects fed vitamin B6-defic1ent
diets of low or high protein level. The deficiency period
was preceded by a one-week control period when the subjects
received 4.0 mg pyridoxine hydrochloride per day. The effect
of vitamin 36 deficiency on plasma amino acids depended upon
the dietary protein., With the high protein diet, the level
of leucine and valine increased significantly. With the
low protein diet, there was no significant change in amino
acid levels with the exception of phenylalanine which
decreased significantly. With both diets, the levels of
glycine, serine, and asparagine-glutamine increased. The
low-protein diet produced higher levels of the non-essential
amino acids, glycine, serine, and asparagine-glutamine
when compared with the high-protein diet, either before or
after the development of the deficiency. With both protein
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devels, the glycine:serine ratio decreased significantly
from approrimately 0.9 to 0.6-0.7 because of the relatively
greater dncrease in serine.

Richardson et al. (1953) carried out an experiment
on the influence of the amount of a low-vitamin B6 diet on
the free anino acid content of the blood plasma of day-old
chicks., Birds receiving the different basal diets grew at
about the same rate, but the concentration of amino acids
in the plasme as determined microbiologically was different.
When the diet was low in vitamin Bs, the concentration of
esch of the anino acids in the plasma with the exception
of lysine, was significantly higher than when the diet was
adequate in that vitamin., Between the diets studied, the
ornes witn lower amino acid content had lower plasma amino
acid with the exception of arginine which was not reduced
with a Jow dietary arginine.

Nadkarni and Sreenvassan (1958) determined total
Liver amino acids in vitamin B6-deficient and control rats.
When emino acids were determined microbiologically, there
wzs a decrease in the level of all amino acids in the
Leficient group as compared to the control.

Merrow et al. (1966) reported that in growing rats,
glycine wss the only amino acid which increased in plasma,
Liver and mascle in vitamin B6 deficiency. Men on diets
poor in vitamin B6 also showed increased plasma glycine,

l ecreased taurine and glutamic acid aé reported by the same

rergers. No drop in glutamic acid level occurred in rat

4
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plasma, liver, muscle or spleen. After a protein meal,
both rats and men showed an increase in most plasma amino
acids.

Swendseid et al. (1964 ) analyzed the amino acid levels
of plasna, muscle, and liver of rats which had been fed to
appatite a purified diet with or without 2.5 mg of vitamin
BG per kg fUr four to six weeks from weaning., The amino
acid values, in general, were lower in deprived rats and
Che total essential amino acids decreased more than the
Gotal non-essential amino scids. Some of the changes were
attribated to reduced metabolic interconversions. Glycine
and aspartic acid were inereased and serine and alanine
lecreased in plasma of deprived rats. Addition of 7.5%
glyeine to the deficient diet accentuated the changes in
plasmaa amino acids.

In addition to its action on specific amino acids,
dietary vitamin ]36 has been shown to affect tissue activity
0f several enzymes involved in transamination, deamination,
and decarboxylatione Vitamin BG lowers the activity of
serum glatamice oxaloacetic transaminase (SGO-T) in rats
(Babtcock, 1959; Yeh et al., 1960). Those fed a vitamin
Pg-deficient diet were found to have 80% of the SGO-T
acbivity as compared to the control group (Rosen and
Nilholland, 1960),

Tupule and Kschirsagor (1959) studied the effects

of low protein, and adequate dietary protein levels with or



without vitamin 136 supplenentation on SE~T in young rats.
It was observed that SG(-T values of rats fed diets low in
protein or vitamin 136 were reduced. 7The effect was more
pronounced when both nuirients were deficient.

Recent work with human SGD-T indicates that there is
a fall in the enzyme activity but not consistently. This
has led several workers to conclude that SGO-T values can
not be taken as the sole ériferion for determining the
status of vitenin B nutrition (Babecock et al., 1960;
Raica and Sanberlich, 1964).

Goswami and Robblee (1958) reported that there
was & considerable reduction in G0~T activity in blood,
liver and heart of chickens on pyridoxine deficient diets.
Daghir and Balloun (1963) confirmed the previous work and
noted that the 8G0-T7 activity warxried with the breed of

chickens, especially when the witamin TBS content of the diet

was marginal.

Dietary Influence on Tissue Vitamin B6

Certain variations in the diet hare been shown to
affect the vitanin 136 content in liver m=nd blood. Sheppard
and McHenry (1946) reported that the concentration of
vitamin BG in liver appeared to be independent of vitamin
Bﬁ supply when the imtaxze is greater than 25 ug per day,
but is directly proportiomal to the percent of protein in

the diet, The vitanin Bé content of lLiwver can be

14
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significantly increased by supplying vitemin 36 to rats

maintained on a high protein diet. It was suggested that
the higher storage was caused by an increased need for
pyridoxine in the liver fo handle the increase in amino
acid netaboli sm,

Schwelgert et al. (1946) indicated that the level of
casein in the diet did not appear to affect either the
storage or the depletion of vitamin B6 from the tissue of
rats. When a vitamin Bs—deficient diet was fed, there was
less growth and more mortality at 50% casein levels
compared t¢ 10% levels, However, the tissue vitamin B6
remainel unchangeds, When studies were continued on mice,
the tissue reserve of the vitamin was found to diminish
much nore rapidly on 50% of casein than when the diet
contained 10% of casein. The mice on the high protein
diet lost nore weight and had a higher mortality rate
than t{hose on the low protein diet.

Tupule and Williams (1955) stated that growth in
rats does not necessarily reflect tissue pyridoxine level,
On the other hand, Greenberg and Rainehart (1949) noted that
the tissue levels of vitamin BG in rats and monkeys reflect
vitamin 36 intake.

Debey et al. (1952) indicated that dietary methionine
has no significant effect on vitamin B6 concentration in
liver and blood of rats fed diets varying in vitamin Bg and

methionine content,



Beaton and McHenry (1953) noticed that liver tissue
vas more satisfactory than heart or kidney tissue for
assessing the state of vitamin BG nutrition in the rat.
Evidence was presentel suggesting that vitamin B6 is
nobilized from extra hepatic tissue to liver during the
deprivation of dietary vitamin BS' Saturation of liver
tissue with.vitamin BG occurred with a lower level of
vitamin B6 intake than that which was sufficient to give

naximum body weight,

Vitamin B6 and Carcass Composition

McHenry and Gavin (1941) observed that in the

absence of pyridoxine, there was a loss of weight in rats

Ted a nhigh protein diet tut devoid of fats and carbohydrates,

regardless of the administration of any other known B
vitemin. Rats fed a 96% protein diet and receiving
supplenents of thiamin, riboflavin, pantothenic acid,
nicotinic acid, choline, and pyridoxine had double the
carcass fat when comparad to a group receiving the same
treatment except for the omission of pyridoxine. When
deficient animals were given vitamin BB’ there was a rapid
increase in body weight and the amount of carcass fat
tripled in three weeks thus contradicting the work of
Helliday (1938) who found that vitamin BG deficient rats
had a significantly heavier liver with a higher percentage
of total fatty acids.

16



Beaton et al. (1953) reported tht vitamin Bg
leficiency in the rat does not affect the synthesis of
ecellulaxr protein or the.activity of certain liver enzymes.,
They also stated that vitamin BG deficiency does not
significantly alter the levels of carcass protein or of
totel serum protein in the rat.

Carter and Phizackerly (1951) reported that
daficiency.of vitamin Be'in'the rat lowers total lipid
content of the body and neutral fet content of the liver,
Inclusion of 20% fat in the diet restored the total body
lipids to the level of that found in animals receiving an
tdequate intake of vitamin B6. There seems to be no
impairment in the absorption of fats, carbohydrates or the
rroducts of protein digestion in vitamin B6 deficiency
sccording to these workers.,

.Wentworth_gg al. (1963) noted that supplementation
of 12 mg vitamin BG per kg of ration with ten essential
amino acids and 11 non-essential amino acids resulted in
tetter growth, bat carcass protein was unaffected when
conpared to a control with ten essential amino acids
plus cystine and tyrosine. However, high vitamin B6 levels
resulted in a higher percent of body moisture and a lower
percent of body fat in comparison to low vitamin B6 levels.

Kirchgessner and Frienecke (1963) added different
levels of vitamin Bg (2.2-5.0 mg per kg) to a purified diet

and studied the effects on growth, feed efficiency, carcass

i
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nitrogen and fat content of day-old cockerels. Weight gain
and efficiency of feed utilization rose with the higher
intake of wvitamin BG but the nitrogen and fat content of the

whole body were similar in all groups.

Vitamin BG Supplementation of Practical
Poultry Rations

There are few repofta on vitamin B6 supplementation
of practical poultry rations. Early workers in this field
became interested in the problem after the appearance of
some data indicating reduced activity of the vitamin in
different feeds due to the presence of antimetabolites or
low availability of some forms of the vitamin.

Luckey et al. (1945) reported that pyridoxal was
more than half as active and pyridoxamine was about one
fourth as active as pyridoxine. Waibel et al. (1952) noticed
that pyridoxal and pyridoxamine are less active than pyridoxine
in supporting chick growth on a complete ration containing
large amounts of glucose and sucrose. However, the three
forms of the vitamin are equally active when autoclaved
starch is the only source of carbohydrate.

Many substances are known to be capable of inducing
vitamin B6 insufficiency state in chickens by virtue of their
antagonistic effect on vitamin BB metabolism. The mode of
action of the antagonist seems to be in inhibition of the
active absorption of vitamin B6 and by'blocking the
phosphorylation of the vitamin Bg-cofactors (Jacob et al.,
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1959).

Kratzer et al. (1947, 1954) noticed that the vitamin
36 requirenent was increased in the presence of linseed oil
meal because of the presence of a vitamin B6 antagonist in
the meal. Dillon (1962) comfirmed the report of Kratzer
and coworkers and stated that the inclusion of greater than
A% linseed o0il meal in the diet resulted in a
significant reduction Ln.grbwth and feed consumption.
Levels of linseed o0il meal din excess of 12% depressed
growth by 37.2%. When 2 mg of vitamin B; were added
per kg of a diet containimg 25% linseed o0il meal and
already adequate in vitemin B, growth increased signifi-
cantly. However, the chick's response in growth and feed
intake was best when 8 ng of vitamin By were added per kg
of this diet.

Fuller and Dunahoo (1959) worked on the effect of
various drug additives om the vitamin B6 requirement of
chicks. Nitrofurazone, furazolidone, and arsanilic acid
separately and in all combinations, depressed growth in
vitamin Bs-deficient chicks. Added vitamin B¢ overcame
the growth depressing effect of furazolidone and arsanilic
acid but not that of nitrofurazone,

The same workers investigated the vitamin BG
sapplementation of a conplete corn-soybean meal broiler chick
diet. When 4.4 mg of vitanin B, were added per kg of a

ration already containing 5.7 mg of the vitamin per kg, no
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additional growth was observed, although the feed efficiency
was improved.

Sathe et al. (1964) studied the addition of 5 mg
vitamin B6 per kg of diet and 8.8 mg of folic acid per kg to
low quality meat meal diets containing 30-35% protein.

There was a significant improvement in both growth and
survival but the improvement was mainly due to folic acid
and in one case to pyriddxine and folic acid together.

Dillon (1962) investigated the growth of mixed
White Leghorn chicks fed a methionine limiting ration
containing whest neal, meat meal and 12% soybean meal
and observed the growth response and feed efficiency in
a rapid assay =nd in a six-week experiment. A factorial
type of experiment was designed with 5 mg vitamin Bg per kg
and 0.C5% of ITL-methionine. 'The addition of 5 mg
pyridoxine per kg increased weight gain by 8.5% in the
rapid assay and T.1% in the six-week growth assay. The
six-week grovth comparison showed a response to methionine
supplementation in the absence of vitamin BG but not in

its presence,



Ille. NATERIALS AND METHODS

Experinental Animals and Management

Day—ol1d male broiler type chicks (Cornish male x
Plymouth Rock female) used in these studies were obtained
from a commercial hatchefy. All the experiments were
carried out in 2 six-deck battery brooder equipped with
wire floors and thermostatically-controlled electric
heating units. The heat of the battery brooder was adjusted,
s0 that the chick's thermal requirement was met.

In all the experiments, feed and water were provided
ad libitum. Waterers were scrubbed and washed daily to
keep microbial synthesis of vitamin BG at a minimum. Rations
for experiments L[, IL, III, and IV were prepared from
purified ingredients while in experiment V, natural ingre-

dients were used.

Compounds and Ingredients

Vitanin B, was used as pure, crystalline pyridoxine
hydrochloride in all the experiments. Methionine was added
in the DL-form and glycine in the ammonia-free synthetic
form,

Dextrose was obtained from the Corn Products Company

21
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of New York, USA. For experiments I, II, and III, Promine-
R, an isolated soybean protein containing 97% protein

on a moisture free basis, was obtained from Central Soya,
Chicago, Illinois. TFor experiment IV, Assay Protein C-1,
an igsolated soybean protein with 90% protein on moisture
free basis was cbtained from Skidmore Enterprises, 275
Mitchell Ave, Cincinnati, Ohio, USA., Alphacel, a non-
nutritive fiber was obtained from Nutrition Biochemical
Corporations, Cleveland, Ohio, USA and was used to provide
bulkiness in the diet.

The vitamin mixture was a vitamin Bg-deficient
mixture prepared at the AREC as presented in Table 1.
Brigg's mineral mixture was added to all purified rations
and its compoeition is shown in Table 1. The choline
chloride used was a2 70% aqueous solution obtained from
Imperial Chemical Industries, Billingham, Durham,

England.

Mazola, a pure corn oil product, was used as the
fat supplement to the purified rations. In experiment v,
however, when natural ingredients were used, beef tallow

was added,

Records and Data

Chicks were randomized, wing-banded and weighed on a
gram scale at the start of each experiment. They were

welghed weekly and feed consumed recorded at the same time.



Records of mortality were kept daily.
A1l the data were analyzed statistically according
to fnedecor (1957) and subjected to Duncan's multiple

range test (Duncan, 1955) if found significant.

Collection of Samples

For. SE0-T analysis, each bird was bled by heart
puscture, using a 5 ce sterilized glass syringe and 20
gange st=rilized needle. The method used in obtaining blood
was a nodification of the method deseribed by Hofstad
(1950) ., Aipproximately S nl of blood were drawn from each
bird, transferred directly to sterilized labeled centrifuge
tudes, already wet with physiological saline solution, and
covered with parafilms, BSaunples were allowed to clot at
room temperature and then were centrifuged =t 2000 rpm
for 15 minutes. Each serum sample was placed in a sterile
tube and 5GO-T values wers meaéured.

For plasma amino acid analysis, approximately 50 ml
of blood were collected from each treatment as described
previously in a heparinized centrifuge tube, so that 10 ml
of plasma could be recowvered.

Intact livers were collected from the representative
birds fronm each pen and kept frozen at -20°C for vitamin B6
determina tions,

For carcass nitrogen and fat, the representative

birds of each pen were killed by dislocating the spinal

23
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corie The birds were opened completely and dried in an
oven at 100°C for 48 hours. Later, the dried birds including
feathers were ground and a representative sample was taken

for mitrogen and fat analysis.

Analytical Methods

S560-T Ietermination

Dne ml of standardized asparatate glutarate reagent
(Sigma substrate No. 505-1) with PH 7.5 was placed in
Lebeled test tubese The test tubes were kept in a water
bath at 37°C. Exactly 0.2 ml of every serum sample was
added 1o the respective tube and the contents were mixed
by gentle shaking, Right after 60 minutes, 1 ml of
standardi zed 2,4—-dinitrophenyl hydrazine and HCl (Sigma
color reagent No. 505-2) was added to each tube to stop
enzymatic activity and start color reaction. Twenty minutes
after adding the color reagent, 10 ml of 0.4 N sodium
hydroxide (Sigma reagent No. 505-8) was added for color
development, followed by gentle shaking. At least 5 minutes
after adding sodium hydroxide, the optical density (0.D.)
wes yead at 505 mu in a Beckman model B spectrophotometer
asing distilled water as a blank. Sigma-Frankel units of
S60-T of the serun was determined from a standard curve where
D.D, was plotted against units of SGO-T per ml.

The standard curve was prepared as follows:

Increasing levels of calibration standard solution (Sigma
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Ho. 505-10) were alded to six test tubes, 0.0, 0.1, 0.2,
0.3, 0,4, and 0.5 ml. One ml of Sigma color reagent No.
505-2 was added to each test tube and mixed by gentle
shaking. 7The tubes were allowed to stand for 20 minutes

at room temperature. Subsequently, 10 ml of 0.4 N sodium
hydroxide were added to the tubes and mixed by inversion
using a parafilm, Five minutes after adding the sodium
hydroxide, the O,D., of all samples was read at a wave length
of 505 mu in a Beckman model B spectrophotometer, using
distilled water as a blank. The standard curve was plotted
using the optical densities obtained versus the corresponding
Sigma-Frankel units of SGO-T at 37°C as given in Sigma
Bulletin No. 505 (Anonymous, 1960).

Vitamin BS Deternination

Vitamin Bﬁ was determined by the method of Campling
and YWixon (1954) as modified by Harley (1960). The

lypholyzed organism, Saccharomyces Carlsbergensis 4228

(= ATCC 9080) was obtained from the American Type Culture
Collection (ATCC). All the media were obtained from Difco
Company.and rehydrated as described by the Difco manual
(Anonymous, 1966 ).

a. Preparation of sample for assay. Two grams of
homogenized liver sample were suspended in about 90 ml of
0,05 N ECL, The suspension was heated in the autoclave at

120°¢C for 5 hours, cooled and adjusted to PH 5.0,
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Subseguently, the volumes were raised to 100 ml with
distilled water and filtered. The extracts were kept
frozen for the appropriate time,

b. Assay procedure. To revive the organism, 0.4 ml
of PBacto pyridoxine-y medium was taken with a serological
pipette and nixed well with the lypholyzed organism. Then,
the mixture was added to a test tube of Bacto pyridoxine-y
medium and kept incubated.at 28°C for 24 hours. Subsequently,
the crganism was cultured on slants of the lactobacilli
Agar A.0.A.C, which were kept at 28°C for 24 hours. Imme-
distely after, the organisms were stored at 10°C in the
dark and subcultured every week,

The organisms were suspended in 10 ml of Bacto
pyridoxine-y medium containing 30 mu pyridoxine hydro-
chloride and incubated at 28°C for 24 hours. The cells were
centrifuged in an International Centrifuge (I.E.C.) at about
8000 rpm under aseptic conditions. The supernatant was
decanted and the organisms were resuspended in 10 ml of
sterile Bacto pyridoxine-y medium.

liver extracts were added to 5 ml Bacto pyridoxine-y
mediam in screw capped tubes and volumes were raised to 10
ml with distilled water. Sterilization was done in the
autoclave at 100°C for 10 minutes. After cooling, the
tubes were inoculated with a drop of suspended organism and
incubatied at room temperature for 22 hours in an automatic

shaker with 100 strokes per minute. After incubation, the
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tubes were steamed in the autoclave for 5 minutes and the
carbidity was measured at 600 mu in the spectrophotometer
(Spectronic-20).

¢e. Preparaiion of the standard curve. TFifty mg of
dried pyridoxine hydrochloride powder were dissolved in
about 100 ml of 25% ethyl alcohol and subsequently diluted
to 500 ml with additional 25% ethyl alcochol. This
solution éontainei 100 mg'pyridoxine hydrochloride per
ml. Two nl of this solution were added to 998 ml of
25% ethyl alcohol to make a stock solution of 200 ug
pyridoxine hydrochloride per ml. The stock solution was
stored in a dark bottle in the refrigerator.

One ml of the stock solution was added to 9 ml of
distilled water to make 20 ug of pyridoxine hydrochloride
per ml,

For the standard curve, increasing volume of the
above solution, nameliy, 0,01, 0.05, 0,10, 0.20, 0.30, 0.40,
0.50, and 0,60 ml were added to screw capped tubes containing
5 ml of Bacto pyridoxine-y medium and distilled water. The
tubes wer: autoclaved at 100°C for 10 minutes. After cooling,
the tubes were inoculated with the organism and incubated
at room temperature for 22 hours in an automatic shaker with
100 strokes per minute. After the incubation, the tubes
were steamed in the autoclave for 5 minutes and the
turbidity was measured at 600 mu in the spectrophotometer

(Spectronic-20).
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Jmino Acid Analysis

a, ZYreparation of samples. The blood plasma was
deproteinized by the method of Stein et al. (1954). Ten ml
of plasma were added to a glass-stoppered flask containing
5 ml of one percent pleriec acid solution. After a few
seconds of shaking, it was centrifuged to obtain a clear
centrifugate. Exactly 40 ml of the centrifugate were passed
through a Dowex 2-10 (200 to 400 mesh), a strongly basic
eanion exchange resin in chloride form which is known to
pernmit the amino acids to pass through quantitatively.

The walls of the chromatcgraph tube and the resin bed were
wzghed with five 3-ml volumes of 0.02 N HCl. The clear,
colorless effluent and washinge were concentrated in a

(raig rotary evaporator to a vclume of about 1 ml. To
remove the suspended matter, about 4 ml of distilled water
and few mg of celite were added to the suspension which was
then filtered by gravity through a paper previously washed
with 1 ¥ HCl and distilled water. The filtrate and washings
vwere concentrated to a volume of about 1 ml. The concentrate
was washed into a small vial, the final volume being about

5 mle At this point, the sample was kept frozen,

Later, the sample was thawed out and the PH was
ad justed to T7.2-7.5 with Hydrion paper by the drop-wise
addition of 1 N NaOH., The solution was allowed to stand
at room temperature for 4 hours for complete conversion of

cysteine to cystine. Later, the sample was adjusted to



PH 2 by the addition of 1 N HCl., The volume was raised to
10 m1 by PH 2.2 buffer and kept frozem for putting on the
column.

b, Chromatography. Aliquots of 0.5 ml of the
deproteinized frozen sample were analyzed on an Automatic
Amino Acid Analyzer, Phoenix Model K-8000 based on the
- method devised by Spackman et al. (1953, pp 1190-1206).
Two types éf water jacketedhcdlumns packed with resin were
utilized for the separation of the amino acids. One short
column was used to separate the basic amino acids (lysine,
histidine, arginine, and ammonia), the long column was
used for the acidic and neutral amino acids.

e, Integration and interpretation of chromatograms.
The amino acids present in the sample were chromatographed
as a series of peaks, which were proportional to the
quantities of the amino acids analyzed. A simplified
method was used for calculesting the peak areas (Phoneix
Instruction Manual). This involved counting the number of
dots, recorded at fixed time intervals around the upper
half of the curve and multiplying by the net height of the
peak, The volumes so obtained were compared with those for
similar peaks for a standard solution containing one
micromole quantities of esach amino acid chromatographed
under the same conditions. The ratio of the peak's area
calculated for the unknown quantity of an amino acid to

that of the standard was the amount in Umole present in the

29
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aliquot analyzed. Using a dilution factor and the molecular
weight of each specific amino acid, the amount in mg per

100 nl of plasma was calculated.



IV. RESULTS

Experiment I

Objective

Methionine has been reported frequently as the
first limiting amino acid in chick starter rations. The
present study was therefore initiated to investigate
wiether high dietary vitamin By could partially overcome
me thionine imsufficiency because of earlier reports of

porssible interactions between vitamin BS and methionine.

Procedure

A purified ration was formulated limiting in both
ritamin B6 and methionine. The experiment consisted of
taree levels of added vitamin Eg (0, 3 and 30 mg/kg) =and two
levels of added methionine (O and 0.5%) in a factorial
arrengement., Since glycine was also deficient, synthetic
zlycine was added to all treatments. The composition of
tme pre-experimental and experimental rations are shown
in Table 1, The pre~experimentzl differed from the
experimental ration in having both DL-methionine and vitamin
B, added at the rate of 0.5% and 3 mg per kg respectively.
Tme different treatments consisted of the experimental

rations with or without 0.5% TL-methionine and 3 or 30 mg
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Table 1, Composition of the pre—experimental and
experimental rations - Experiment I.

Ingredients Pre-experimental Experi?g?tal-basal
Dextrose 64.75 64.75
Isolated soybean protein 22.00 22.00
Corn oil 3,00 3.00
Alphacel 1 3.00 3.00
Vitamin mlxture2 1.00 1.00
Mineral mirtare 530 5.30
Choline c¢hloride 0.25 0,25
Glycine - 3 _ 0.20 0.20
DL-nmethionine 0.50 -
Vitamin Bg (ng per kg) 3,00 -

t Yitamin mixture contributed the following to the kg of

rations 10,000 I.U. of vitamin A; 1936 I.C.U. of vitamin
Dj; 22 I.J, of vitamin E; 132 mg inositol; 3.3 mg folic
acid; A6 mg P.A.B.A.; 88 mg niacin; 22 mg calcium
pantothenate; 8.8 mg riboflavin; 4.4 mg thiamin; 4.4 mg
menadione; 220 mg ascorbic acid; 22 ug 312; 220 ug biotin,

The mineral mixture supplied the following per kg of
diet: Calcium carbonate 8.8 g; calcium phosphate

25.07 =; copper sulphate 2.13 g; feric citrate 176.5 mg;
magnesium sulphate 2.65 mg; manganese sulphate 221 mg;
potassium chloride 6.15 g; potassium iodide 9.0 mg;
sodium ehloride 3.5 g; sodium phosphatedibasic 6.15 g3
zinc carbonate 115 mg. |

Methionine replaced alphacel on equal weight basis.



vitamin B6 per kg of diet.

A total of 108 birds were used in six treatments.
Each treatment consisted of three replicates with six chicks
per replicate making a total of 18 birds per treatment. The
birds were fed the pre-experimental ration for one week;
at the end of which, they were randomized and distributed
so that all treatments had the same initial average body
weight. The birds were keﬁt én the experimental diets for
three weeks and then were starved for 12 hours after which

they were weighed.

Results

Data on body weight gain, feed consumption and feed
efficiency are shown in Table 2. In general, growth was
best when both vitamin B6 and methionine were added and
poorest when neither was added (basal). The data indicate
that high vitamin Bg (30 mg per kg) in the presence or
absence of added methionine did not result in extra growth
but gave poorer growth when compared to the treatments given
3 mg vitamin B6 per kg of ration. The difference, however,
was not statistically significant. The body weight gains of
treatments receiving 3 mg and 30 mg of vitamin B6 were not
significantly different from those of the methionine
supplemented treatments although there was a difference of
33 and 66 grams between means, respectively.

Feed consumption was significantly different among
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the treatments with the exception of the basal and methionine-
supplemented groups which were not significantly different
from each other. This is shown in Table 4.

Feed efficiency was also best when both methionine
and vitamin BG were added and poorest when neither was
supplemented. The data also indicate that feed efficiency
of the basal diet can be egually improved by supplementation
of either vitamin Bg (3 or 30 mg per kg) or methionine. The
addition of vitamin B6 or methionine singly gave significantly
poorer feed efficiency than those supplemented with both of

these nutrients.

Table 3. Analysis of variance of body weight
gain, feed consumption, and feed
efficiency - Experiment I.

Source of d.f. M.S. 'y
variation Body weight ' Feed I Feed
gain (g? consumption efficiency
(g/bird)
Replication 5 638 1964 0.121
Preatments 2 50243% 51820*% 0.917*
Errox 10 = 2276 15362 0.058

* gignificant at 5% level of probability.
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Experiment II

Objective
The relative adverse effects of high vitamin Bg

supplenentation observed in the previous experiment,
necessitated the present study to investigate the effects
of different levels of vitamin 36 on growth and feed
efficiency of day-old chicks. Moreover, it was felt that
a fixed vitamin 36 level giving maximum growth and feed
efficiency should be established for use in the following

experiments.,

Procedure

One hundred and fifty chicks were placed on the
pre—-experimnental ration for one week, At the end of the
week, they were categorized according to body weight and
were randomly distributed to the six treatments. ZEach
treatment consisted of two replicates with six birds per
replicate making a total of 12 birds per treatment. The
birds were placed on the experimental ration for three
weeks. At the end of the experiment, chicks on the
deficient and 6 mg vitamin B6 per kg rations were starved
for 12 hours before collection of blood for amino acid
analysis. The composition of the pre-experimental and

experimental ration is shown in Table 5.



Table 5, Composition of pre-experimental and
experimental rations - Experiment II,

Ingredients %

Dextrose 64,75
Isclated soybean protein 22,00
Corn oil 3.00
Al phacel - 3.20
Vitemin mixtare' 1.00
Vineral mixture’ 5430
Choline chloride 0.25
Glycine 0,10
DL-methionine 0.40
1

P

Sane conmposition as shown in Table 1, pp 32 except
that pyridexine hydrochloride was added at O, 6, 11,
16, 21, and 25 mg per kg levels in the experimental
end at 3 ng per kg level in the pre-experimental.

Sane compocition as shown in Table 1, pp 32.
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Resal ts

Data on body weight gain, feed consumption, and feed
efficiency as presented in Table 6 indicated that there
ver=> no significant differences in growth and feed efficiency
smong the vitamin Bs-supplemented groups. However, there
vers significant differences (P<0.01) between the non-
supplemented group and each one of those supplemented. This
showed that increasing the &itamin B6 level up to 26 mg per
kg had no detrimental effect on growth, feed consumption or
feed efficiency. Although there was no significant difference
in growth between the Bs-supplemented groups, the 6 mg
vitanin BG per kg level gave the highest body gain and
increasing the level of vitamin B6 above 6 mg per kg caused
a gradual but non-significent decrease in weight gain.

Amino acid levels were in general lower in the
deficient group when compared to the adequate treatment
(6 mg per kg). There was a severe drop in plasma levels
of phenylalanine, methionine, valine, and cystine, and
hydroxy proline, and a2 relatively moderate drop in lysine,
iryptophan, alanine, and proline in the deficient birds.
However, deficient chicks had about 50% increase in the
Plasna levels of three essential amino acids, namely,
glycine, histidine, and threonine. Other amino acids like
aspartic acid, glutamic acid, and tyrosine remained nearly
unchanged, There was also & severe drop in both taurine

and gamma amino buiyric acid and a rise in cysteic acid,
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orn ithine and ammonia.

Table 7. Analysis of variance of body weight
gain, feed consumption, and feed

efficiency -~ Experiment II.

Source of t.f.  _ I, S —

~variation Body weight Feed Feed
gain (g) consumption efficiency

(g/bird)

Rerlication 1 21 1519 0.0070

Treatnents 5 346 T4+ 379167 ** 1.7518%#%

ZError 5 487 4487 0.0017

*€ Significant at 1% level of probability.
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Table 9. Plasma amino acid levels of vitamin B
adequate and deficient chickens (u moie/
100 ml of .plasma).

Jrino acid Control Deficient Percent
(6 mg BG/kg) change

k. ZEssential
Histidine 2.87 5.86 +51.0
ISDl.eLl(‘:ine 7.80 9094 —11-0
Leucine - 11,80 10.64 -9,.8
Methionine 2.38 0.67 -71.8
Phenylalanine 4,38 0.39 -91.0
Tyrocine 5.98 5.56 =7.0
Threonine 30.84 54.92 +43,.8
Iryptophan 8.54 4,85 -43,2
Valine and cystine T7.44 11.39 -85.3
Flycine 34,88 78.49 +55.6

E. Ton-estential
Flutamic acid 16,48 15,38 -6.7
Prolinms 16,35 11.58 -29,2
Jydroxy proline 11.05 3.59 -6T7.5
Aspartic acid 2.12 313 +0.3
Alanins 40,92 2B.22 -31.0
Taurine 17.98 1.13 -93.7
¥ —~Anine butyric acid 5.67 0.67 -88.2
Cysteic acid 1.95 5.52 +64.7
Ornithin 2.80 14.37 +80.5
Ammonia 17.32 47,66 +63,.6
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Experiment ICI

Objective
This experiment was set up to evaluate the effect

of vitanmin ]36 supplementation of a ration that is limiting
not only in methionine but also in glycine which is con-
sidered the second limiting amino acid in soybean protein
for the chick. Diets with 6 mg of vitamin BS per kg were
compared to a basal with 2 mg per kg but supplemented with
both methionine and glycine. Methionine and glycine were
separately added to the 6 mg vitamin B6 per kg diet to
determine whether vitamin 36 can partially spare either one
of tnese amino acids. Criteria neasured were body weight
gain, feed efficiency, carcass composition, SGO-T, and

liver vitamin BS content.

Proceduxe

Chicks were fed a pre~expexrimental ration (Table 5,
pp 33) for one week prior to the start of the experiment.
Seventy two birds with uniform weight were selected from a
total of 150 chicks and randomly placed on the experimental
diets., Each treatment had three replicates with six birds
per replicate, making a total of 18 birds per treatment.

The experimental ration was fdentical to that used
in experinent II except thzt glycine and DL-methionine were
excluded and alphacel level raised to 3.70%. At the end

of the third week, the birds were starved for 24 hours

ANERICAN UNIVERS!TY re peiminy
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and blood and liver sanples were collected for SGO-T and
vitamin }36 deternmination, respectively. MWoreover, one bird

from each pen was selected for carcass analysis.

Results

The data on body weight gain, feed consumption and
feed efficiency are presented in Table 10. When methionine
was added to the 6 mg per kg basal diet, there was a signi-
ficant improvement in growth although this was significantly
Lower than the growth of groups supplemented with methionine
plus glycine and receiving 3 mgz BG per kg basal, However,
glycine supplementation in the absence of methionine did not
result im a2 significantly better growth than the 6 mg Bg per
kg basal treatment, Total feed consumption was highest in
the methionine and glycine supplemented group and lowest
in the glycine supplemented group. The total feed intake
of the glycine supplemented treatment was not significantly
dlifferent from the 6 mg 136 per kg basal, while groups
receiving methionine alone or with glycine in the 3 mg ]36
per kg diet ate significantly more than those receiving the
5 mg BG per kg glycine-supplemented diet. Significant
lifferences were also observed in feed efficiency among all
the treatnents. The birds on the 3 mg vitamin BG per kg
plus methionine and glycine had the best feed efficiency
Tollowed bty the methionine supplemented group, the glycine
supplemented and then the € mg IBS per kg basal.

Results on carcass analyses, liver vitamin Bg and

45



46

'S+ UBAK |

16°1 9°1¢ 1€9 b T0CC suto 18 240 5
: sutuoTHIeW Py*Q + F/°g Sw ¢ + [esey
‘vee vrse 80G LLFE8) SUTOATZ %1 °0 + 39/%¢ Bu g + TEseg
202 062 6L4 gL*6Lc eutuotugew Fyeo + 5%/%g Bw g + Teseg
Loz 9° 9z TES L €760} 23/°¢ Ju 9 + TESBY

(€ (s£ep gg=-8)
£foustotyzs /patq/d) (pata/?) %mv

paag uoT3dumsuod poag utes udtem Lpog sjuswyeax) fxelarq

*III 3uswidedXy - AOUSTOTJIJ® paaJ

pue ‘uotidumsuoo pesy ‘uted qyFrem fpog

‘0L @19®]



47

SG0~T activity are all shown in Table 13, Carcass protein
wes significantly higher and carcass fat was significantly
1ower in the methionine supplemented groups versue those
unsupplemented with this amino acid. ILdver vitanin BG
values ranged from 4.4-5.0 ug per gram of fresh tissue
with no significant difference among any of the treatments
studied. 8GO-T activities, however, showed similar trends
as carcass analysis whereby the methionine supplemented
groups had significantly lower SGO-T valuaes than the

unsupplemented groups.

Table 11. Analysis of variance of body weight
gain, feed consumption, and feed
efficiency - Experiment [IT.

Source of a.f. MeSs -
variation | Body weight Feed Feed
gain (g) consunption efficiency
(g/bird)
Replication 2 636 40 0.0041
Treaiments 3 1340%* 8901* Q.3915%*
Erxor 6 303 1182 0.0106

* Significant at 5% level of probability.
** QJignificant at 1% level of probability.
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Table 14. Analysis of variance of protein,
fat, and SGO-T - Experiment III.

Source of d.f. M.S. .
variation Carcass Carcass SGO=T
protein fat

Replication 2 5.81 12.55 -

5 - - 1234
Treatments 3 81,54*% B2,81%* 8T35%
Error 6 4.39 5.84 -

15 - - 2111

# Significant at 5% level of probability.
*¢ Significant at 1% level of probability.
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Experiment IV

Objective

The results of the prsvious experiments indicate
that vitamin 36 could not replace methionine completely in
a methionine deficient ration. Therefore, the question that
remained to be answered was whether vitamin B6 could correct
a marginal methionine deficiency in a purified chick

starter diet.

Procedure

The basal diet used was identical to that of the
first experiment (Table 1, pp 32) except that glycine was
added at 0.1% rather than 0.2% of the total ration.

It was deficient in both methionine and vitamin Bg. A
factorial experiment was designed with two levels of
vitamin B¢ (1 and 6 ng per kg) and three methionine levels
(0, 0.2, and 0.4%).

A total of 108 chicks were used in six different
treatmentis. ZEach treatment consisted of three replicates
with six chicks per replicate making a total of 18 birds
per treatment. The average body weights of birds in each
group were relatively equal at the start of the experiment.

Chicks were placed on the experimental diets at one
day of age rather than at one weesk as in the previous expe-
riments in order to get maximum response in the shortest

time possible, At the end of the experimental period, one



53

bird was selected fron each pen for carcass analysis.

Eesults

The data on boly weight gain, feed consumption, and
feed efficiency are presented in Table 16. Chicks fed
0.4% methionine and 6 mg vitamin Bg per kg attained the
highest body weight gain whereas chicks on the vitamin B6'
methionine deficient ration had the lowest body weight gain.

Statistical analysis revealed that there was no
gsignificant difference among birds fed a high level of
vitamin By and adequate methionine (6 mg Bg per kg and O.4%
methionine), a low vitamin B¢ and adequate methionine
(1 mg By per kg and 0.4% methionine), and adeguate vitamin
B, and low methionine (6 mg By per kg and 0,2% methionine).
Moreover, body weight gain of chicks receiving 0.2%
methionine with 1 ngB6 per kg or 5 mg BB per kg were not
significantly different. The data show that when methionine
is partially deficient in a ration (0.2%), high vitamin
Bg (6 mg per kg) can spare the need for a higher level
of this amino acid. The low body weight caused by a severe
deficiency of methionine in a marginal 36 ration can not
be overcome by excess vitamin B6 supplementation as shown
by comparing the first two treatments in Table 16.

The total feed consumption was significantly lower in
the treatment receiving 1 mg B6 per kg than all the others.
When the vitamin B6 level was raised to 6 mg per kg, feed
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consumption was not significantly different from that of

a similar diet with 0.4% added methionine. Yo significant
differences were observed in feed consumption among any

of the methionine supplemented groups.

Peed efficiency, like body weight gain indicates
that a high level of vitamin B6 could replace methionine
in a partially methionine deficient ration. Non-supplemented
methionine groups resulted in a significantly poorer feed
efficiency than all other supplemented treatments. Feed
efficiency of chicks receiving 0.4% methionine and 6 mg
Be per kg was significantly better than that of birds
receiving 0.2% methionine at both levels of Bg supple-
nentation.

The datm on carcass analysis are reported in Table
19, No siznificant differences were observed in carcass
moisture and protein among any of the treatments. However,
percent body fat showed significant differences among
treatments. Statistical analysis indicates that only
the birds receiving 1 mg per kg of vitamin B6 had signi-
ficantly (P<~ 0.01) lower fat content than the rest of
the treatments. The high vitamin B6 treatment, high
vitamin B6 end partially methionine supplemented treatment
(0.2%) and low vitamin Bg and methionine adequate
(0.4%) were not significantly (p< 0,05) different from
each other as shown in Table 20. The results indicate

that & low level of By (1 mg per kg) and marginal level of
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methicnine (0, 2%2) had similar effect on carcass fat as

when both were high. Increasing one nutrient when the

other is low tends to increase carcass fat.

fable 17. Analysis of variance of body
weight gain, feed con-
sumption, and feed efficiency -
Experiment IV.
Source of d.f. M.S. —
variation Body weight Feed Feed
gain (g) consumption efficiency
(g/bird)
Replication 2 691 727 0.0125
Treatments 5 1599* 22635% 0.3185*
Error 10 572 1689 0.0073

* Significant at 5% level of probability.
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Pable 19. Carcass composition - Experiment IV.
Dietary treatments Moisture Protein' Fat
(%) (%)
Basal + 1 mg Es/kg 7513.52 54.8+1.07 31.0+0.20
Basal + 5 mg B./kg 69+3.2 52.4+0,21 37. 140,17
‘Basal + 1 mg Bs/kg
0.2% methionine 67+5. 1 51.9+0. 16 32.8+0,02
Basal + 6 mg Es/kg
0.2% mstaionine 674042 49.240,12  39,2+0.19
Basal + 1 mg Be/kg
0.4% methicnine 58+4.4 55.2+1.24 34.3+C.03
Basal + 6 mg B6/kg
0.4% methionine T71+0.1 56.241.22 33.1+0.13

1

On dry weight basis.
2 Mean + S.E.
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Table 20. Analysis of variance of carcass
compogition - Experiment IV.

Source of d.f.  _ M.S.

variation Carcass Carcass Carcass
moisture protein fat

Replieation 2 38.56 4,00 1.36

Mrecztmnents 5 100,36 41,18 554,29%*

Error 10 %2.56 59776. 19 15.65

%

Significant at 1% level of probability.
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Experiment V

Objective
This study was conducted to determine the effect of

vitamin BB supplementation of a practical broiler ration
lirditing im methionine. It was stimulated in part by the
results of experiment IV indicating increesed growth and
better feed efficiency upon vitamin E6 susplenentation of a
parified basal ration partially limiting in both methionine

anad vitamin 136.

Procedure

A practical broiler ration which is characterized
by high protein (23,3%) and high energy (3130 Keal per
kz) was formulated (Table 22)., The ration was made up
of inzredients that are usually used in commercial present
day broiler rations and as far as known was adequate in
all nutrients except for a marginally adejuate level of
nethionine, The calcalated level of vitanin By was 3.72 mg
rer kg which is above the minimum requirenemt of 3 mg per
kg as established by WRC (1966 ).

The experiment consisted of four treatment groups,
2 basal, basal plus 0, 1% methionine, basal plus 6 mg
vitamin B& per kg, and basal plus 0.1% methionine and 6 mg
vitamin Bg per kg. A total of 106 birds were used with
eizht chicks per replicate and three replicates per treatment.

The birds were categorized according to weight and distributed
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Table 22. Composition of basal practical ration
used in experiment V,

Ingrad ients %

Yellow corn 55+ 15
Pish neal (65% prctein) 5.00
Soybtean rmeal (504 protein) 25,00
Peanut neal (50% protein) 5.00
Alfalfa meal (179 protsin) 2.00
Bone neal 2.50
Salt g 0.50
Limestone 0.50
Vitanin and trace mineral mixture* 0.35
Beef tallow 4,00

* Nopeosol M-5 furnished the following per kg of diet
according to manufacturer's specifications: Vitamin A,
7700 U, S.P.; vitamin Dj, 2310 I.C.U.; vitamin E,

1.54 I,U.; riboflavin, 6.16 mg; niacin, 30.80 mg;
choline chloride, 308 ng; d-pantothenic acid, 8.47 mg;
vitanin B]Q, 9.24 ug; menadione sodium bisulfate
complex, 1.54 mg; manganese, B84 mg; zinc, 38.5 mg;
lodine, 1.8 mg; iron, 28 mg; copper, 28 mg;

cobalt, 2.8 ng.

Methionine and pyridoxine were added to the above ration
replacing yellow corn on equal weight basis.
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among the treatments at one day of age. Chicks were fed
the experirental diets for four weeks at the end of which
they were starved for 12 hours. One bird representing the
nean weight of the group was selected from each pen for

carcass analysis.

lesults

The data on body weight gain, feed consumption, and
feed efficiency are presented in Table 23. The results
indicated that there were no significant differences in
either growth, feed consumption or feed efficiency among
the different treatments.

Dats on carcass moisture, nitrogen, and fat are
shown in Table 24. The results on carcass moisture were
not found te be significantly different. There was some
variation in carcass protein. The highest protein deposition
oceurred in the non-supplemented group. However, when the
data were statistically analyzed, only the 0.1% methionine
supplemented chicks had significantly lower carcass
protein (P< 0.01) than all other treatments.

Data on carcass fat were significantly different from
one treatment to another as shown in Table 26, This suggests
that a2lthough the experimental treatments were all isocalorice,
the percent fat laid down was different due to different
treatments. The non-supplemented group had the lowest percent

of carcass fat and the 0.1% methionine supplemented



group had the highest percent of carcass fat.

receiring vitamin B6 were intermediate.

Those

64
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Table 23. Body weight gain, feed consumption
and feed efficiency - Experiment V.

Tietary treatments Body weight _Feed consumption Feed
gain 1- (g/bird) (g/bird efficiency
28 days day )
Basal 87+11" 795 28. 4 1.63

Basal + 0. 1% methi-
onins 484i12 B33 29,8 1. T2

Basal + 6 mg 36/
Xg 488+10 800 28.6 1.62

Basal + D.1% me-
thionine +
6 mg Bﬁ/kg 487+29 832 29.7 1:T2

M e=n & S.E.



Table 24, Carcass composition (%) -
Experiment V.

Dietary treatments Moisture Protein1 Fat1
Basal 69.242.20%  60,3+0,28 26.3+0. 14
Basal + 0.1% methi-

onine 67.041.51  52.7+0,26 42,7+0, 11
‘Basal + 6 mg By/kg 68.8+0.23  58.1+0.03 36.3+0.88
Basal + 0.1% methi-

onine + 6 mg

Be/kg 6845+0,02 58.040.43 304440, 20

1
2

On dry weight basis

Mean + S.E.
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Tatle 26. Separation of means by Duncan's multiple
range test ~ Experiment V.,

Carcass protein

Treatments1 B+0,12 M B+67P + 0.1 M B+ 6P B
Means® 52.66 57,95 58.13 60,13

Carcass fat
Treatments B B+6P4+0.1%M B+6P B+ 0,181
Means 26.32 30- 36 36.29 42068

! For abbreviations see Appendix.

2 Means not underlined by the same continuous line are
significantly different (P<L 0.05).



Y. GENERAL DISCUSSION

Early in the history of vitamin Bg studies, many
yesearch workers (Gyorgy, 1934; Carter and O'Brien,

1939) involved in determining the requirement for this
vitamin, noticed that the suboptimal levels of vitamin B6
caused growth retardation, appetite depression, and
inefficiency in feed utilization. The present studies
confirm those early findings and further illustrate the
importance o? both methionine end vitamin BB in growth,
feed efficiency and feed consumption. In all experiments,
when the above crifteria were considered, groups adequate
in both vitanin 36 end methionine were always superior

to those totally mon—supplemented or not meeting the

TRC requirements.

The results of the first experiment indicated that
supplementation of either methionine or vitamin B6 equally
and significantly inproved growth and feed efficiency.
Mis is in agreenent with the work of Sauberlich (1961)
{ndicating that when a diet is limiting in both vitamin
B6 and an essential amino acid, growth of rats cén be
improved by addition of either vitamin Bg or the deficient
amino acid. When methionine was added to the basal diet

deficient in both vitemin By and methionine, growth and feed

69



consunption were not significantly different from the basal,
but feed efficiency was significently improved. This
contrzdiets the work of Anderson et al. (1949) who stated
that growth was depressed when methionine was supplemented
1o diets already adeguate in this amino acid and low or
adequate in vitamin Bg. The high vitemin B, level (30 mg
per kg) which is ten times the NRC requirement in the
presence or absence of metﬁionine caused slightly but not
significantly poorer growth compared to the 3 mg per kg
level., Christensen (1962) reported that excess of vitamin
36 might fevor absorption of one amino acid at the cost
0f the other and as such cause an amino acid imbalance.
Phis is not supported by results of the second experiment
in which vitamin Bg levels up to 26 mg per kg had no
detrimental effect on growth, feed consumption and feed
efficiency when compared to the 6 mg per kg treatment.
Kirchgessner and Frienecke (1963) reported that vitamin B6
supplenmentation of a purified ration up to 10.8 mg per kg
increased weight gain and feed efficiency in day-old
cockerels,

The results of the third experiment indicated that

6 mg vitamin B6 per kg of ration could not maintain growth

70

in a severe methionine deficiency. The higher rate of growth

in the methionine supplemented group was due to better
feed efficiency rather than increased feed consumption.

Glycine supplementation of a 6 mg vitamin Bg per kg diet had



no significant effect on growth or feed consumption. On
the other hand, the presence of this amino acid improved
feed efficiency. When both methionine and vitamin B, were
present, growth was significantly better than in the other
two trestments. This growth improvement was due to better
feed utilization rather than increased feed intake.

In the fourth experiment, an attempt was made at
correcting a marginally deficient level of methionine by
raising the vitamin BG level of the diet beyond the
requirement. This increased vitamin B6 level in a partially
methionine-deficient ration completely restored growth to
that of the high vitamin '.B6 and adequate methionine treat-
ment. This growth response was due to increased feed
intake rather than improved feed efficiency.

In general, vitamin 36 or methionine supplementation
separately improved feed efficiency to some extent in all
the present studies but it is not clear which one plays a
more effective role. Considering the findings of the
first two experiments, more credit should be given to
vitamin 36 whereae in experiment IV, more credit should
be given to methionine. L

There were no significant differences among the
different treatments used in these studies in carcass
moisture contznt. This indicated that this body constituent
was not influenced by changes in dietary vitamin 86 or

methionine. Wentworth et al. (1963) on the other hand,

71
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reported that high vitamin BG resulted in more carcass
moisture in rats.

Results on carcass protein and fat showed some
variation from one experiment to the other. The reports
fr. the literature are also contradictory. McHenry and Gavin
(1941) indicated that vitamin Bg increased carcass fat
Aeposition., On the other hand, Halliday (1938) reported
that the deficiency of the vitamin resulted in higher carcass
fat. Data of the third experiment indicate that better
growth was accompanied by higher carcass protein while
poorer growth was accompanied by more fat deposition. In
the fourth experiment, high vitamin Bg (6 mg per kg) in
th= presence or absence of methionine did not cause any
change in carcass protein, Wentworth et al. (1963) also
reported tnat high vitamin B6 supplementation to a complete
purified diet did not affect carcass protein. Carcass fat
in our study, however, was highest when both methionine and
wvitamin 36 were adequately supplied. When carcass fat of
the birds cn the practical ration was measured, there was
a wide variation among treatments inspite of using isocaloric
Trations.

Amino acid data as reported in rats by Swendseid
et al. (1964) indicated that in vitamin By deficiency there
was a lowering in most of the amino acids and the drop was
more drastic in the essential amino ac;ds. Richardson

et gl. (1953) determined the amino acids microbiologically



13
and found higher amino acid levels in vitamin B, deficiency.

In view of newer and improved technigues in separation and
measurement of the amino gcids, one might doubt the latter
findings. In experiment II, there was a significant drop
in plasma levels of methionine, phenylalanine, valine and
cystine, tryptophan, aydroxy proline and alanine. Gamma
anino butyric acid (¥ ABA) was drastically lower in the
deficient group as compared to the control (0,67 versus—
5.67 u mole per 100 ml respectively). Since ¥ ABA is
mainly found in the central nervous system, many workers
have attributed the nervous symptoms (hyperexcitability,
convulsive movements, .., ete) of vitamin By deficiency to
changes in the level of y ABA (Eugene et al., 1964, pp 504-
556)e Taurine was considerably decreased while cysteic acid
increased. This is to be expected in vitamin Bg deficiency
since the conversion of cysteic acid to taurine is known
to require the coenzyme pyridoxal phosphate. Glycine,
histidine, and threonine increased significantly in plasma
of vitamin B6—deficient chicks. Increase of glycine in
vitamin B6 deficiency has been also reported in rats
(Swendseid et al., 1964) and in man (Merrow et al., 1966;
Harding et al. 1964).

8G0-T activity was reported to decrease in vitamin
B, deficiency (Goswami and Robblee, 1958). However, in our
studies, vitanmin B6 was adequate and the changes were

probably due to methionine supplementation. Therefore, it



seems that lack of methionine inecreased the load on the
coenzyme form of this vitamin in amino acid interconversions.

Jata on liver vitamin BS indicated that the growth
rate as influenced by vitamin Bg and methionine levels of
the ration did not reflect tissue vitamin Bg level., This
has previously been reported in rats by Tupule and Williams
(1955) and Debey et al. (1952). Dietary orotein level,
however, has been shown to affect the tissue concentration
of the vitamin (Schweigert et al., 1946; Sheppard and
McHenry, 1946).

The fact that vitamin BG supplementation of a
practical chick starter ration marginally adequate in
methionine did not increase growth, feed efficiency or feed
consumption might be due to an already high vitamin B6
level in the ration (6 mg vitamin Bg from natural ingredients
as determined and 6 mg crystalline pyridoxine hydrochloride
added). In view of the results of the second experiment,
this lack of response is expected. The results also agree
with the work of Fuller and Dunahoo (19%9) but contradict
the work of Dillon (1962), who found better growth and feed
efficiency upon vitamin BG supplementation of a commercial
ration. Dillon attributed the response to either to a
natural factor like that of linseed oil meal having vitamin
B6 antagonistic action, or to an enhanced absorption of
limiting essential amino acids from the digestive tract.

Kratzer et. al. (1947, 1954) reported that linseed oil meal
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contains a specific growth-inhibiting factor, the effect

of which was greatly reduced by pyridoxine supplementation.
It was zlso indicated that there were variations between
sanples in the level of the antagonist present. Considering
the work of Fuller and Dunahoo (1959) and Dillon (1962),

one might attribute the lack of growth response to
alditional vitamin B6 and to the absence of vitamin B6

antagonists in the ration used.



VI. SUMMARY AND CONCLUSIONS

Pive experiments were carried out on day-old male
broiler type (Cornish male x White Plymouth Rock female)
chicks {0 elucidate some aspects of vitamin B6-methionine
interrelationships. The résﬁlts of these studies indicated
that the growth and feed efficiency were always superior
when both of these nutrients were adequately present compared
to control treatments. Vitamin BG could not spare
methionine when this amino acid was severely deficient in a
purified soybean-dextrose type ration. However, high
vitamin 36 could replace methionine for growth but not for
feed utilization in a partially methionine deficient
purified ration. Vitamin levels up to 26 mg per kg had no
detrimental effect on chicks' response to growth, feed
consumption or feed efficiency.

(Carcass composition varied in different experiments.
In the third study, carcass protein was significantly
higher and carcass fat significantly lower in the methionine
supplemented treatments. In the fourth study, carcass
protein did not change significantly with changes in either
vitanin B6 or methionine level of the diet. However, carcass
fat was highest in the high vitamin B, and partially
methionine supplemented group. In the'fifth study, the
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non-supplemented group had the lowest carcass fat and
nighest carcass protein.

Liver vitamin Bg of- treatments receiving 6 mg
vitanin B6 per kg alone or with methionine or glycine were
not significantly different nor were they different from
a control of 3 mg vitamin B6 per kg plus both amino acids.
S30-D activities, however, were significantly higher in
thzs methionine supplemented groups as compared to the non-
supplenented.

Deficient birds had in general lower plasma amino
acid levels than adequate ones (6 mg vitamin By per kg)e.
Methionine, phenylalanine, valine and cystine, and hydroxy
proline were drastically lower in the deficient birds.
Some anino acids, namely aspartic acid and glutamic acid
were unchanged, whereas glycine, histidine and threonine
increased considerably in the deficient birds.

When a practical type chick starter retion was
supplemented with vitamin EG or methionine, no response
in growth, feed consumption or feed efficiency was observed.

Prom the results obtained in these studies it can
be concluded that:

1. Vitamin B6 can correct a partial methionine
deficiency from the standpoint of growth and feed consumption
in & purified type soybean-dextrose diet. However, it can
only partially correct a severe deficiency of this amino

scide
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2. Vitemin BG supplementation of a purified diet
up to 26 mg per kg has no detrimental effect on chick
growth, feed consumption or feed efficiency.

3, Carecass composition does not vary consistently
with changes in dietary vitamin B¢ or methionine.

4. Plasma amino acid levels of vitamin Bg-deficient
birds are in general lower than those adequate in this
vitemin.

5. Liver vitamin B6 does not seem to indicate
dietary vitamin B6 status.

5. Vitamin B6 supplementation of a corn-soybean
type chick starter ration known to be adequate in all

nutrients does not improve chick growth or feed utilization.
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Abbreviations

Agricultural Research and Education Center
Areriecan Type Culture Collection

and others

Assceimtion of Official Agricultural Chemists
avenue

basal

centigrade

cubic centimeter(s)

degrees of freedom

dextrorotatory

dextrorotatory and levorotatory

gamma amino butyric acid

glycine

glutamic oxaloacetic transaminase

gram(s)

International Centrifuge

International Chick Unit(s)

International Unit(s)

kilocalorie(s)

kilogram(s)

levorotatory

mean sum of squares

methionine
microgram%s)
milligram(s)

milligram pyridoxine hydrochloride per kilogram

of ration

milliliter(s)
millimicron(s)
normal
numker
Nutrition Research Council
optical density

page(s) _

para amino benzoic acid
percent
revolution per minute
serum glutamic oxaloacetic transaminase
standard error
United States Pharmacopoeia
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AREC
ATCC

et al.
A.0.A.C.
Ave

gC
cc
d.f.
D
DL
Y ABA
G
GOT

g
IEC
T+Culs
LeUe
Kecal
kg
L

i1 . S .
M
ug
mg

P

ml

mu

N

No.
NRC
OQDO
PP
PABA
%

rpm
SGO=T
S.E.
U.5.P.



