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ABSTRACT

A series of trials were instituted to determine the 
feasibility of replacing soybean, fish meal, meat scraps and 
other conventional sources of protein with a microbiological 
fermentation product.

In trial No. 1, production type hens fed the liquid 
protein supplement laid at a rate slightly below those fed 
the dry control diet but the differences were not statisti
cally significant. Egg size was lower in the experimental 
treatment but mortality, feed conversion and litter condi
tion were equal on both treatments.

The trial conducted with heavy breeder hens also 
resulted in a slightly lower rate of lay (38 )̂ in comparison 
with the control (42^). These differences approached sig
nificance only at the P>10^ level. Fertility, hatchability 
and chick size were equal to the control lot.

Broiler chicks fed the combination of the dry 
control diet and the liquid diet were equal in growth to 
those fed only the dry control diet.

Dry matter intake was lower for the lots fed the 
liquid diet compared with intakes-on the dry control diet.

Evidence resulting from these trials indicates that 
mlcr©biologically produced protein fed in a liquid diet 
could replace some or all of the vegetable and animal



proteins currently employed in diets for laying and breeding 
hens. The experimental diets were unsatisfactory for 
broilers.



INTRODUCTION

As direct human consumption of many natural proteins 
(textured soybean and cottonseed protein, fish flour, etc.) 
becomes competitive with animal conversion of these products 
into human food, it would seem expedient to investigate the 
possibility of utilizing non™-conventional sources of protein 
for animal feed.

The ruminant animal has a system for utilizing non- 
protein nitrogen and considerable advance has already been 
made in the use of non-protein nitrogen for microbial pro
duction of proteins and other assimilable products in diets 
of sheep and cattle.

Attempts have been made to include non-protein 
nitrogen in diets for monogastric animals but thus far have 
met with only limited success. Acker son et al. (194-0), Rose 
et al. (194-9), and Blmbaum et_ al. (1957^ found that urea 
was apparently ineffective as a source of utillzable nitro
gen. Sullivan and Bird (1957) reported increased growth 
with urea and diammonium citrate additions to a chick diet 
supplemented with the hydroxy analogs of methionine and 
glycine. Peatherson et al. (1962) demonstrated increased 
nitrogen retention on free amino acid diets due to non- 
protein nitrogen supplementation. Reid et al. (1965) noted 
a protein sparing action when ammonium citrate was added to
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a 12% natural protein diet for laying hens, but later work 
by Reid et al. (1966) failed to confirm the earlier results.

Another approach to this problem has been the use of 
purified amino acids as a dietary supplement but at this 
writing, with the notable exception of methionine, and under 
certain conditions, lysine, economic considerations have 
mitigated against a large scale substitution of the natural 
proteins.

Fermentation products have been used in feeds for 
monogastries as a source of unidentified growth factors. 
Couch (1963)9 Scott (19^8), and Matterson and Tlustohowics 
(1964) found that some of the soybean meal and all of the 
wheat middlings, fish meal, alfalfa and fat could success*- 
fully be replaced with 10% corn distillers dried grains with 
solubles.

The effect of dried corn distillers grains on 
poultry house litter condition was examined by Morgan (1951) 
and no deleterious effects were noted.

A protein for use in animal feed should meet the 
criteria of (a) amino acid adequacy, (b) safety and ease of 
use, and (c) cost. These requirements might be met with 
microbiological fermentation proteins if the fermentable 
substrate is of sufficiently low cost and the extraction 
process economical.

The substrate for the preparation of the product 
used in the trials included in this paper was cane molasses.



In areas where other carbohydrate materials would be 
economical (cassava, grain sorghum, citrus and sugar beet 
molasses, sisal extract, Jerusalem artichoke, cannery waste, 
petroleum, etc.) similar processes might be developed. It 
may also be worth noting that part of the economy of the 
extraction process results from the inclusion of part of the 
spent substrate material In the final product.



EXPERIMENTAL PROCEDURE

Experiment 1, Part 1.
The feeding of liquid, or more accurately in this 

case, semi-=solid diets to poultry and hogs is scarcely an 
innovation. Though we are not greatly removed in point of 
time from the days of ”slopping" hogs and mixing surplus 
skimmilk or buttermilk with poultry feed, modern management 
practice requires an efficient method of preparing and 
introducing a liquid feed to the animal„

For preparing the feed, a liquid-solid blender was 
constructed that permitted an accurate blending of ground 
grain and the liquid fermentation protein in the desired 
proportions.

As for the introduction of the feed into the poultry 
house, the limited size of the trials prohibited the use of 
commercial equipment but it is the opinion of the author 
that most continuous or intermittent automatic feeders would 
be satisfactory.

As with most untried systems, a number of adjust
ments and changes had to be made during the course of the 
trials. Where these changes influenced the results, note 
was made in the text.

4



5
The fermentation protein, Protofernr*-, used in this 

study was the sedimented cellular portion of a continuous 
aerobic fermentation by Sac charomyc e s oerevislae on a dilute 
cane molasses substrate fortified with urea, phosphorus and 
trace minerals. As used in the feeding trials, the product 
was in liquid form (eliminating drying costs) and contained 
\2% total protein on a 25~30$ dry matter basis.

Pullets of a commercial strain of 22 week old Single 
Comb White Leghorns were randomly allotted to 24 pens of 10 
birds per pen to allow 4 replicates of 6 treatments. The 
birds had been previously debeaked and vaccinated in accord
ance with standard procedures„

The first part of this experiment lasted from 
October 23, 1966 until January 23, 1967, and was designed to 
establish substitution values for the fermentation product 
protein. The liquid fermentation product was dried on whole 
milo after a 24 hour soaking period. Proportions of 40:60 
liquid/grain resulted in a dried, fortified grain product 
with 1 4 . crude protein.- Table No. 1 shows the treatments 
used for this part of the trial.
Experiment 1. Part 2.

The information obtained during the course of part 1 
of Experiment No. 1 provided the basis for the formulation 
of the liquid diets. In the second part of this experiment, 
the fermentation protein was mixed with ground milo in a 1:1

^Process and use patent held by Industrias Avicolas,
S. A., Hermoslllo, Sonora, Mexico.



ratio; the values used in calculating the diets are shown in 
Table 3.

The calculated amount of liquid feed required per 
hen per day is shown in Table 4. Methionine was added to 
the Protoferm in the amount of 1.4 Kgs. per ton.

The same hens used in the first part of this experi
ment were changed to the liquid rations according to the 
arrangements shown in Table 5. Treatments 2, 4 and 5 (Table 
5) were designed to examine the effect of supplementary 
vitamins on the performance of birds fed the liquid feed. 
Treatments 3, 4, 5 and 6 evaluate the effects of lysine and 
methionine additions. Birds in treatment 1 were fed the dry 
control diet shown as diet #1 in Table 2.
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TABLE 1
TREATMENTS USED IN EXPERIMENT 1, PART 1

Diet
Lot # Ration

1 1 Basal Diet1 {17% Protein, 2.86 kcal M.E./100
gms)

2 1 Basal plus unground fortified grain, free
choice

3 1 Basal plus ground fortified grain, free choice
4 2 $0% of original grain substituted with fortl-

fi ed grain
5 3 100# of original grain substituted with forti

fied grain
6 1 As Basal, except no added methionine

1See Table 2.
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TABLE 2
FORMULAS USED IN EXPERIMENT 1, PART 1

Ingredient
Diet #1

%
Diet #2 

%
Diet #3

%
Milo 66.0 37.5 003

Fortified grain-*- 37.9 83.0
Soybean meal (50% protein) 5.0 3.7 2.3
Cottonseed meal (43% protein) 10.0 6.4 4.0
Fish meal (65% protein) 2.0 1.6 1.1
Dehydrated alfalfa meal (20% 
protein) 5.0 3.3 2.1
Salt and mineral premlx^ 6.0 4.2 2.6
Vitamin premix^ 1.0 0.9 0.9
Limestone 5.0 4.5, 4.0
Totals , 100.0 100.0 100.0

■^Protein 14.3^, Galoium 1.2%, Phosphorus 0.8%.
^At 6.0% supplies the following: Phosphorus (raw 

bone meal), 0.3%; Mn, 60 ppm; Fe, 50 ppm; Zn, 50 ppm; Cu, 5 
ppm;. I, 0.35 ppm; NaCl, 3 kg.

^At 1.0% supplies the following per ton of feed: 
Vitamin A, 5,000,000 IU; D3» 1,000,000 IU; Riboflavin, 3 gm; 
Niacin, 10 Calcium pantothenate, 6 gm; Choline chloride, 
200 gm; Alpha tocopherol, 2,000 IU; Vitamin.K, 1 gm; DL~ 
methionine, 200 gms.



TABLE 3
VALUES USED IN CALCULATING LIQUID RATION

Moist.i Prot. Lys.^ Meth.^ Try.^ kcal Ca P
Ingredient % \ % % % % /Kg % %

Milo 12
Liquid Protoferm^ 73
Liquid feed 43

1 'Assay values.
^Calculated.
^NaCl added to provide 0.2% Na,

10 0.25 0.16 0.08 3280 0.02 0.25
12 0.66 0.19 /- 0.12 680 2.00 0.90
11 0.45 0.1? 0.10 1980 1.01 0.62

vo



TABLE 4
NUTRIENT ALLOWANCES FOR LAYING HENS AND 

CALCULATED NUTRIENTS SUPPLIED BY LIQUID FEED

Prot, Ca,
Grams/day 
P. Meth. Lys, Try.

koal 
Metabol1zable 
energy/day

Layer requirement^* 16=17 3«3 0.8 0.30 0.65 0.15
150 Gm liquid feed 15.6 1.5 0.9 0.30 0.6? 0.15

285=315
297

^Nutrient allowances for poultry. Anthony J. Smith, University College of 
Rhodesia.
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TABLE 5
TREATMENTS USED IN EXPERIMENT 1, PART 2

Lot-*- Ration^

1 Basal Dlet^
2 Liquid plus Vitamins^ A, D3 and E
3 Liquid plus Vitamins^ A, D3 and 0.05% Meth.5 E plus 0.10% Lys. and

4 Liquid plus Vitamins^ A, D3, E and B%2 plus 0.10% Ifs.
5 Liquid plus Std. Vitamins? plus 0.05% Meth.
6 Basal (no added methionine)

1J-Four replicates per lot, 10 birds per replicate.
7Limestone grit was offered free choice to all pens 

on the liquid diet.
^Basal contains 17% protein and 280 kcal M.E./100

gms.
^Supplied per ton of diet; Vit. A, 5$000,000 IU; 

Vlt. Py, 1,000,000 IUj Vit. E, 2,000 IU.
^Methionine is in addition to that originally added 

to the Protoferm.
^Supplied per ton of diet: Vit. A, 5®000,000 IU;

Vlt. D3, 1,000,000 IU; Vit. E, 2,000 IU; Vit. Bi2, 10 mg.
^Supplied per ton of diet: Vit. A, 5$,000,000 IU;

Vit. D3, 1,000,000 IU; Riboflavin, 3 gm; Niacin, 10 gm;
Pantothenic acid, 6 gm; Choline chloride, 200 gm; Vit. E, 
2,000 IU; Vit. K, 1 gm.



In order to evaluate the effect of the liquid diet 
on reproduction, a second trial was Initiated with 525 Arbor 
Acre hens and 55 White Vantress cockerels. These birds were 
in the eighth month of production at the start of the trial, 
but the information on egg production, fertility, hatchabil- 
ity and feed consumption could be considered pertinent when 
compared to the averages for the rest of the flock (5,000 
hens) of the same age and similar housing conditions.

The diet used in this trial consisted of a 1:1 mix
ture of liquid Protoferm and ground milo. Limestone grit 
was offered free choice. The feed was mixed daily in the 
liquid-solids blender and was offered free choice in stan
dard trough type feeders.

Experiment 3.
Experiment Mo. 3 was included in the evaluation pro

gram of the fermentation protein product because of the 
greater total feed consumption by the hens offered the 
fortified grain free choice in addition to the basal diet in 
the first part of Experiment 1. While this response may not 
be considered particularly advantageous for egg production 
birds, it did seem worthwhile to investigate the effect on 
broiler chicks.

Accordingly, 300 Arbor Acres and White Vantress day- 
old chicks were sexed and allotted as shown in Table 7.
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Records were maintained of mortality, body weight 

gain, feed consumption and feed conversion. The chicks were 
weighed weekly. Feed consumption and feed conversion were 
calculated at 4 weeks.

Initially, the liquid diet contained 60^ Protoferm 
and 40# ground milo in order to bring the total protein 
equivalent on a dry matter basis to 20^„ Feed consumption 
was very low on this mixture presumably due to the undesir
able physical condition of the high moisture feed. The 
formula was then altered to include 2$% of the standard 
broiler starter feed (Table 6) in place of an equal amount 
of milo. The Protoferm then constituted $0% of the ration.
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TABLE 6
INGREDIENT COMPOSITION OF BASAL 

DIET FOR BROILER CHICKS 
(EXPERIMENT 3)

Ingredient $

Ground Milo 62
Soybean meal (50%> Protein) 15
Cottonseed meal (43$ Protein) 10
Fish meal (65$ Protein) 5
Dehydrated alfalfa meal (20$ Protein) 2
Salt and mineral Premix^ 5
Vitamin Premix^ 1
Total 100

At 5-0% supplied the following: NaCls 0.3X? Phos
phorus , 0.28^; Mn9 bO ppm; Fe$ 50 ppm; Zn9 50 ppm; Cu, 5 ppn; 
I» 0.35 ppm.

^At 1.0^ supplied the following per ton of feed:
Vit. A, 5,000,000 IU; Vit. D], 1,000,000 IU; Riboflavin, 4 
gm; Niacin, 25 @n; Pantothenic acid, 8 gm; Choline chloride, 
400 gm; Vit. E, 2,000 IU; Vit. K,•1 gm; DL-methlonlne, 300 gms.
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TABLE ?
TREATMENTS USED IN EXPERIMENT 3

Lot Repli
cates

No. of 
chicks 

1:1 male 
female Treatment

1 4 100 Basal Diet1
2 4 100 Basal plus liquid feed free-choice
3 4 100 Liquid feed

"*"See Table 6.



RESULTS AND DISCUSSION

Experiment 1.
There were no significant differences In egg 

production for the various treatments although the hens on 
the diet without the 0.02$ added methionine did not reach 
peak production as early as the other lots (Table 8).

In reference to feed consumption (Table 8), 
considerable differences were evident and became more sig=» 
nifleant when the higher caloric density of the fortified 
grain rations, was considered. It is of interest also that 
hens on the ration without added methionine had a feed con™ 
sumption similar to those on the fortified grain diets.

There were no problems associated with litter 
management at this stage. Mortality was low and random and 
the appearance of the birds on the various treatments was 
similar.

In the second part of this experiment some diffi
culty was encountered in obtaining sufficient feed consump
tion by the hens on the liquid diet until, by trial and 
error, the consistency of the liquid feed was adjusted until 
maximum consumption was obtained. This adjustment was made 
by varying the grind of the grain. Daily feed consumption 
differences of as much as 25% were noted if the feed was

16



17
excessively liquid although the percentage of moisture in 
the feed was unaltered.

During the first two weeks on the liquid feed there 
was a problem of wet litter (wheat straw was used as litter). 
For the remainder of the trial period there were no serious 
litter problems on any of the treatments even though no 
corrective measures were taken. Possibly a gradual adjust
ment of the gastrointestinal microflora occurred and assimi
lation was thus improved.

A ten day adjustment period was allowed for the 
changeover from dry to liquid feed. During this period, an 
extra feeder was installed in each pen and the hens consumed 
both the liquid and dry feeds free choice.

A decrease in egg production followed the withdrawal 
of the dry feed but production gradually began to rise after 
two weeks on the liquid diet.

Egg production for liquid fed hens during the trial 
period was non-significantly below the control and their 
commercially housed sisters. There was a positive correla
tion of egg production and liquid feed consumption (Table 9)» 
indicating that all groups were not eating at optimum levels. 
Daily protein intake per hen per day for the liquid fed 
groups was lower than for the control group. Metabolizable 
energy intake was also lower on the liquid diet. Thus it 
would appear that reduced egg production and egg size were 
related to the lower protein intake. Management may be a
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factor in this problem because it was noted that stirring 
the liquid feed during the day induced consumption to a 
greater extent than is the case with dry feed. An automatic 
feeder would do this more efficiently, perhaps, than was 
possible for the trial.

There is also considerable room for speculation as 
to the availability of many of the nutrients in this type of 
diet. There was no indication, either from egg production 
figures or grossly, that the unsupplemented diets were 
deficient in any of the B-complex vitamins. The same situa
tion applies to the lysine and methionine additions but no 
attempt has been made here to evaluate the effect of the 
other essential amino acids.
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TABLE 8
PEED CONSUMPTION AND PERCENT PRODUCTION 

ON FORTIFIED GRAIN RATIONS USED 
IN EXPERIMENT 1

Lot'*’
No.

Feed Consumption 
(Gms/hen/day) Average Egg 

Production 
%Basal

Fortified
Grain Total

1 108 •*» 108 80
2 80 4? 12? 82
3 85 40 125 82
4 118 118 79
5 120 . 120 76
6 116 116 80

•^Average of 4 replicates, 10 hens per replicate.
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TABLE 9
EFFECT OF LIQUID FEED DIET ON EGG PRODUCTION, 
FEED CONSUMPTION, EGG WEIGHT AND FEED/EGG 

(EXPERIMENT 1, PART 2)

Lot**-
No.

Average 
$ Egg Prod.

Feed^ 
Consumption 
(Gms/hen/ 
day)

Protein
Intake
(Gms/hen
/day)

kcal
M.E./
hen/
day

Gms
feed/
egg

Egg wt., 
Grams

1 78 108 17.9 310 138 58.2
2 73 90 14.9 279 135 57.1
3 70 86 14.3 266 133 57.6
4 74 91 15.1 281 135 56.5
5 69 87 14.4 267 134 57.5
6 80 115 19.0 320 143 58.0

^Average of 4 replicates, 10 hens per replicate. 
Calculated to 10% moisture.
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Experiment 2.

As noted in Experiment 1, a drop in egg production 
and early wet litter problems were characteristic of the 
first two weeks after the complete changeover to liquid 
feed. Production dropped to 3 ^  from a pre-test average of 
40^. Egg production then rose slowly to 38^. The control 
hens in an adjoining house, despite the advanced stage of 
the production cycle, climbed to 44^ egg production during 
the trial (Table 10). Differences in average egg production 
for the two treatments approached statistical significance 
at P > 10% level.

Paralleling the period of increasing egg production 
in the experimental group, the problem of wet litter (in 
this case sand was used for litter) was resolved spontan
eously with no management changes.

Mortality could not be associated with treatment 
differences and, as was the case with the other experiments, 
no disease symptoms were evident.

Fertility and hatchability were low in both groups 
reflecting the advanced stage of production of these birds. 
No significant differences were noted between treatments.
Egg weight and chick weight were also similar in the two 
groups.

In all groups fed liquid feed, the combs and wattles 
of the birds (hens, cockerels and broilers) were of a



noticeably brighter red color than the dry fed controls„
The reason for this is unknown to the author.

Despite the lower dry matter feed consumption by 
hens on the liquid diet as compared to the control, the feed 
intakes per egg were similar (Table 11). Caloric Intake 
exceeded requirements (Table 4) for the control and the 
experimental hens, but this is to be expected with heavy 
breeder hens nearing the end of their production cycle.



23

TABLE 10
EGG PRODUCTION AND INCUBATION RESULTS 

OP HENS ON LIQUID FEED DIET 
(EXPERIMENT 2)

Average 
Egg’'Pro
duct ion 

%
Fertility

%

Hatchability 
of Fertile 

Eggs 
$

Chick wt. at
Hatching

Gms.

Liquid Feed 38.01 ?6.0 56.5 42
Control 42.01 75.0 56.0 42

1Differences In egg production approach significance 
at P > 10$ level.
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TABLE 11
FEED CONSUMPTION BY HEAVY BREEDERS 

ON LIQUID FEED DIET 
(EXPERIMENT 2)

1 Dry Feed,
No. of Total Feed matter gm/egg
birds feed dry consumed/ (dry-

including (gm/hen matter hen/day matter
cockerels /day) % (gms) basis)

Control 565 87 90 139 330
Liquid feed 570 118 55 114 300

"^Analysis when weighed - moisture loss in feeders 
not calculated.



Experiment 3.
The extremely poor growth of the broiler chicks on 

the liquid feed reflected the low dry matter intake9 the 
lack of one or more nutrients in this diet, or possibly the 
presence of a growth inhibitor. If an inhibitor was pres
ent „ it was not transmitted to the egg because the hatcha- 
bility and day old chick weights were equal to the control 
(Table 10).

In addition to high moisture droppings„ the chicks 
on the liquid feed had noticeably smaller accumulations of 
excreta on the dropping pans under the battery. This dif
ference reflected the lower feed consumption on the liquid 
diet.

The birds in lot 2, fed both the dry and liquid 
feeds free choice, did not consume more total dry matter 
than the birds fed the dry feed and the body weight gain was 
also similar (Table 12). This was contrary to the results 
with laying hens in Experiment 1, Part 1 (Table 8).



TABLE 12
BROILER CHICK BODY WEIGHT, PEED CONSUMPTION, PEED 

CONVERSION AND MORTALITY AT 4 WEEKS 
(EXPERIMENT 3)

Lot
No.

No. of 
birds Treatment

Mortality
%

4 week 
Body Wt. 

Gms.
Feed 

consumption ? 
(gm/chick/day) Feed/gain

1 100 Basal1 0 519 37 1.9
2 100 Free choice 

liquid=*dry 0 503 37 2.1
3 100 Liquid feed-* 5 215 20 2.6

Ration composition Table 6„
Calculated to 10% moisture.
^0.1% methionine and 0.2% lysine added.



CONCLUSIONS

The possibilities of partially replacing conven
tional proteins with a microbiologlcally produced protein 
material appear to be confirmed with mature laying and 
breeding stock. Results with laying hens indicated that 
egg production, while not optimal, could be maintained at a 
relatively high level with the liquid diet, containing no 
soybean meal, cottonseed meal, fish meal or other conven
tional sources of protein.

The liquid diet occasioned no special management 
problems and breeder hens performed satisfactorily as to 
fertility, hatohability, chick weight and quality of the 
chicks.

That considerably more investigation is needed 
before this type of feeding system can receive general 
application is indicated by the poor performance of the 
broiler chicks when the liquid feed was fed as the sole 
source of nutrients.

No increase in total feed consumption or improve
ment in growth was noted for chicks offered a combination 
of dry and liquid feed.

2?



REFERENCES

Ackerson, C. W., W. E. Ham and F. E. Mussehl. The utiliza
tion of food element by growing chicks. IX The 
nitrogen of urea. Nebraska Agr. Exp. Sta. Bull.
120. 19 0̂.

Birnbaum, S. M.„ M. Wimltiz and J. D. Greenstein. Quantita
tive nutritional studies with water soluble, 
chemically defined diets. Ill Individual amino 
acids as sources of non-essential nitrogen. Arch. 
Biochem. Biophy. 7:428-436. 1957.

Chavez, R., J. M. Thomas and B. L. Reid. The utilization of 
non-protein nitrogen by laying hens. Poultry 
Science, Vol. XLV No. 3, May 1966.

Couch, J. R. Distillers Feed Research Council conference 
proceedings, Vol. 19:50-58. 1964.

Featherson, ¥. R., H. R. Bird and A. E. Harper. The ability 
of the chick to utilize D and excess L indispensible 
amino acid nitrogen in the synthesis of dispensible 
amino acids. J. Nut. 78:95-100. 1962a.

Featherson, W. R., H. R. Bird and A. E. Harper. Effective
ness of urea and ammonia nitrogen for the synthesis 
of dispensible amino acids by the chick. J. Nut. 
78:198-206. 1962b.

Matterson, L. D., and Julius Tlustohowics. Distillers Feed 
Research Council proceedings, Vol. 19:9-11. 1964.

Morgan, L. C. The effect of various levels of distillers
grain solubles in a broiler mash upon chick growth, 
feathering and litter condition. Sixth Distillers 
Feed Conference, 67:72. 1951.

Reid, B. L. Non protein nitrogen sources in poultry. 
Personal communication, 1967.

Rose, W. C., L. C. Smith, M. Womack and M. Shame. The util
ization of nitrogen of ammonia salts, urea and 
certain other compounds in the synthesis of non- 
essential amino acids in vivo. J. Bird. Chem. 181: 
307-316. 1949.

28



29
Scott, M. L., G. F, Heuser and L. G. Norris. Energy9

protein and unidentified vitamins in poult nutri
tion. Poultry Science, 27:773. 194-8.

Steel and Torrie. Principles and procedures of statistics. 
101-104. I960.

Sullivan, T. W., and H. R. Bird. Effect of the quality and 
source of dietary nitrogen on the utilization of the hydroxy analogues of methionine and glycine by 
chicks. J. Nut. 62:143-150. 1957.


