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Utilization of proteins for growth and egg production

By H. ERBERSDOBLER, J. Gropp and H. BEck, Institut fiir Tierphysiologie der
Universitdt Miinchen, 22 Veterindrstr. 13, 8 Miinchen West Germany

The amino acid requirements of poultry and the utilization of proteins in poultry
nutrition have been studied intensively in the last 20 years. In the process this species,
and above all growing chickens, have become the most thoroughly tested animals with
regard to their nutritional requirements. On the other hand, the introduction of new
protein sources like the single-cell proteins has created a lot of new problems which
have not been solved as yet, although the amino acid patterns and the digestibility
of the proteins seem to be fairly good.

1. Methods of measuring protein utilization and recent experimental results

Since experiments with higher animals are expensive and time-consuming, fast-
growing birds which at the same time have a high reproductive rate have become
very popular. In recent years Japanese quail have frequently been used. The most
important procedures are experiments measuring growth or egg production, and
balance techniques.

As the protein needs of birds are comparatively high, greater amounts of supple-
mentary protein sources are necessary. Above all, in the nutrition of the growing
chicken the amount of protein contributed by cereals is relatively low. Therefore
lysine, the limiting amino acid in cereals, does not play as important a part as
methionine, which is limiting in the oil-seed proteins (see e.g. Erbersdobler & Gropp,
1971). In rations for laying hens lysine may become marginal, mainly if the protein
content of the diet is reduced to a low level and if greater amounts of proteins poor
in lysine are used. In this connexion the use of newly developed lysine-rich cereals
can be very helpful, as can be seen from two experiments with ‘opaque-2’ maize
shown in Fig. 1 (Zucker, Erbersdobler & Gropp, 1968; Chi & Speers, 1973). In
practical rations for broiler chickens these new cereal varieties cannot be recom-
mended (see also Erbersdobler & Gropp, 1971). They can, however, be very useful
if protein sources poor in lysine or tryptophan are introduced more liberally.

Following the introduction of mixtures of crystalline amino acids, the requirements
of poultry have been studied exactly, and reference amino acid mixtures have been
defined for many purposes. We use a mixture with higher amounts of essential amino
acids than is used in Illinois (see e.g. Huston & Scott, 1968; Sasse & Baker, 1973),
but similar to the mixture of Lee & Blair (19774). With this diet, containing in addition
to sucrose as the sole carbohydrate source 150 g soya-bean oil/kg and 10 g sodium
hydrogen carbonate/kg in the mineral mixture, high growth rates for a long period
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Fig. 1. Egg production (% hens/d) of quail hens (a) and fowl hens (b) fed on low-protein diets
(115~-120 g protein/kg) containing mainly normal maize (N-maize) or opaque-2 maize (HL-maize) plus
soya-bean meal (Zucker, Erbersdobler & Gropp, 1968; Chi & Speers, 1973): (a) ®@—@, N-maize
(33 g lysine/kg protein); @ — ~ —~ @, HL-maize (46 g lysine/kg protein; (b) @——@, N-maize (30 g
lysine/kg protein); [ll - — — Wi, HL-maize (43 g lysine/kg); A ——— A, HL-maize (49 g lysine/kg protein).

can be obtained. With modern breeds of fast-growing broiler chickens (e.g. Lohmann
B 975) weight gains of 14-8 g/d from the 1st to the 14th day of life and of 206 g/d
from the 1st to the 28th day of life were found. These growth rates were higher than
those of control groups fed with isolated soya-bean protein supplemented with
methionine. The corresponding food conversion values were 1-24 (1st—-14th day) and
145 g food (1st-28th day of life) /g weight gain (Gropp & Konig, 1973; Konig,
Erbersdobler & Gropp, 1973).

With similar diets glycine has been found partially indispensable, although at the
moment not all details of this problem are solved (Greene, Scott & Johnson, 1960;
Hewitt & Lewis, 1972a; Graber & Baker, 1973). Several authors have also classified
proline and glutamic acid as semi-essential amino acids (Graber, Allen & Scott, 1970;
Graber & Baker, 1973; Maruyama, Harper & Sunde, 1973). It seems to be unrealistic
that these two amino acids could become limiting in practical diets; an adequate
supply should, however, be taken into consideration if highly purified rations are
given or if uncommon protein sources are used. The arginine requirements of birds

https://doi.org/10.1079/PNS19750006 Published online by Cambridge University Press


https://doi.org/10.1079/PNS19750006

Vol. 34 Recent advances in poultry nutrition 23

are highly variable and depend on the lysine level in the diets. An excess of lysine
stimulates the activity of kidney arginases, thus raising the requirement of arginine
for protein synthesis (Austic & Nesheim, 1970; Hewitt & Lewis, 19725). These
problems are also of practical importance, since arginine is marginal in most of the
single-cell proteins, which are moreover abundant in lysine. Many details of these
mechanisms are still uncertain (Wang, Crosby & Nesheim, 1973).

Another possibility is to add an amino acid mixture to a certain protein in a diet
and then to subsequently remove, one by one, the essential amino acids from the
mixture. Thus the growth rate is usually most decreased by the removal of the most
deficient amino acid in the examined protein. This technique has been widely used
for the determination of the limiting amino acids in several protein sources. Table 1
shows an example of experiments with quail chickens, determining the limiting
amino acids in protein from yeasts grown on hydrocarbons (Beck, 1974; Gropp,
Beck & Erbersdobler, 1975a).

Table 1. Determination of the limiting amino acid in yeasts grown on n-paraffins :
growth of quail chickens fed with rations* containing 190 g protein/kg from BP yeastst
and 38 g amino acid mixture}[kg

{Mean values for nineteen to twenty-four birds; the experiment lasted 3 weeks)

Body-weight gain Food conversion ratio
[ A R r A b
(% gain with (g food intake/ (% ratio
() P+ AA) g wt gain with P+ AA)
Yeast protein 31 662 43 143¢
Yeast protein - amino
acid mixture (P4 AA) 47 r00b 30 1000
P +AA minus Met — 50¢ —_ 151°
P-+AA minus Arg — 824 — 1298
P+ AA minus Gly — 10gb — 1oof
P+ AA minus Lys, Try,
Thr, Leu, Ileu or Phe — 101~106P — g1~104f

Met, methionine; Arg, arginine; Gly, glycine; Lys, lysine; Try, tryptophan; Thr,
threonine; Leu, leucine; Ileu, isoleucine; Phe, phenylalanine.

*The basal ration contained (g/kg): 300 yeasts (a mixture from two types), §20 maize
starch, 60 oil, 20 cellulose; there were adequate minerals, trace elements and vitamins,
and supplementary methionine and arginine.

4British Petroleum Co. Ltd, London ECa2.

1This consisted of (g): Lys 3-2, Arg 8-1, histidine 1-1, tyrosine 2-0, Try o-8, Phe 2-4,
Met 4°1, cystine 1-2, Thr 2-2, Leu 4-0, lleu 2-4, valine 2-4, and glycine 4-6.

a,b,c,d,ef,g Values in the same column having different superscripts are significantly
different.

For several years many authors have recommended the use of balance techniques
to measure protein utilization. In Rostock the early technique of Kuiken & Lyman
(1948), of balancing the amino acids instead of nitrogen, was adapted to the bird.
Thus the separation of urine from the excreta could be avoided (e.g. Kristen,
Poppe & Wiesemiiller, 1966; Poppe & Meier, 1971).

But it has to be realized that the microflora of the large intestine may destroy or
change some undigested amino acids or even synthesize new proteins (Miller, 1967;
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Salter & Coates, 1969; Zebrowska, 1973). Thus misleading results may be obtained
(Erbersdobler, 1967; Salter & Coates, 1971). In order to prevent such changes of the
nitrogenous compounds in the hind-gut, several variations of the digestibility trials
were applied more or less successfully (e.g. Nesheim & Carpenter, 1967; Soares &
Kifer, 1971; Varnish & Carpenter, 1971). We decided to carry out experiments with
germ-free and conventionally housed chicks to measure the amino acids digestibility
in a protein of high quality and in a heat-damaged sample (Erbersdobler, 1971;
Erbersdobler & Riedel, 1972). Similar experiments were carried out by Miller (1967),
Salter & Coates (1969, 1971), Salter, Coates & Hewitt (1974), and Soares, Miller,
Fitz & Sanders (1971). Results of our last experiment are partially shown in Table 2.

Table 2. Apparent digestibility of amino acids in germ-free (GF) and conventionally
housed (CV') 3-week-old chicks. The diets contained 390 g protein|kg

(Mean values with their standard errors or ranges)

Digestibility ratios
in a heat-treated (24 h,
125°) sample of the
soya-bean protein
A

Digestibility ratios
for an unheated, isolated
soya-bean protein
—

r R r A}
GF CcVv GF (A

No. of groups. .. 4 3 3-4 3
Methionine 0-93+0016 0°93 + 0007 0'go4-0-016 0-884 07027
Cystine 08040023 082407025 07140019 07640068
Lysine o089t o011 0°90 1 0004 084+ 0012 08240011
Threonine 0-8540'029 088 L0009 083+ 0006 o824 0029
Valine o0-88+ 0014 0:89+ 0005 0-88+ 0014 0-83+0'031
Isoleucine 091+ 0016 0'9o 10006 088 + 0007 0854+ 0'022
Leucine 0'9Qo+ 0012 0°91 30006 o089+ 0015 08610023
Phenylalanine 09110011 0'93 10005 0°92 10007 o088+ 0036
Tyrosine 0904 0°004 0'92 30005 09140014 o-89+0-012
Arginine 09240015 0'94+ 0004 090t 0016 o894+ 0013
Histidine 09140013 09440009 09010004 o088+ 0015
Aspartic acid o-8o+o-015% o089t o010 07710015 o081 L0044
Glutamic acid o0-8940'012 0'92+ 0-006 0'88+ 0006 087 —0-88
Serine 0'88-4-0%021 0'91 40009 0'86 + 0007 0-86+0'018
Glycine 087+ 0026 087+ 0088 o084 +o0014 0-82—0'86
Alanine 0-88-i-0-006 0-88 10014 0-88 + 0002 0-84+0°033
Proline 0-86-t 0010 0:88 —0-'90 0'874 0007 0'84—0-85
Mean value o088 0°9o o086 o-8s

In all our experiments it was impossible to demonstrate greater losses of undigested
amino acids caused by activity of micro-organisms. The results of Salter et al. (1974),
who measured the utilization of protein in germ-free and conventionally housed
chicks, are in good agreement with these findings. We assume that the activity of the
micro-organisms in the hind-gut of birds is of importance only if low-protein or
N-free diets are given (see also Miller, 1967).

Another problem arises from the hydrolysis of the droppings, which also contain
urine. We have seen that glycine is produced from uric acid during the hydrolysis
(Erbersdobler & Riedel, 1972, 1973). This is confirmed by the findings of Soares et al.
(1971) and Gruhn (1973). We have seen that during hydrolysis with hydrochloric
acid, glycine can be produced from purine and many purine derivatives. Undoubtedly
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this fact is of considerable physiological and analytical importance. Preliminary
results of experiments with 14C-labelled purines suggest that the carbon atoms
5 and 6, together with the N in position 7 in the purine nucleus, are involved in the
formation of glycine. Cavalieri, Tinker & Brown (1947) found that glycine arises from
the 4, 5 and 7 atoms of purine, in partial contradiction to our findings.

2. Use and utilization of new protein sources

The recent world-wide shortage of protein sources has shown that it is desirable
to look for new protein sources as well as to try to utilize the by-products of human
consumption to a greater extent. We have discussed these problems in detail in
earlier papers (Erbersdobler, 19734, 4). In all instances birds proved to be not only
suitable test animals but also important potential consumers, since most of these
protein sources are not directly utilizable for human consumption.

One of the most revolutionary nutritional findings of the last 10 years has been
the development of a method to produce single-cell proteins from unconventional
energy sources. Carefully produced yeasts grown on hydrocarbons can be a good
source of protein, as can be seen from many experiments (e.g. Shaklady, 1969;
Shannon & McNab, 1972). It proved to be possible to use these types of yeasts,
supplemented with DL-methionine, at up to 200 g/kg in practical broiler diets (Gropp,
Schulz & Beck, 1972). With higher concentrations, a considerable depression in the
performance of broiler chickens could be seen (Woodham & Deans, 1971; Gropp
et al. 1972; Erbersdobler, 1973a; Gropp, Beck & Erbersdobler 1975b). For this
reason we have not been able until now to develop a highly purified diet in which
the yeast protein represents the only source of protein and which is as good as e.g.
isolated soya-bean protein. However, this problem could almost be solved with quail
chickens if the yeast protein was optimally supplemented with methionine and
arginine (Gropp et al. 1975b). The mechanism responsible for the growth depression
which occurred if greater amounts of the yeasts were fed to broiler chickens has not
been clearly understood as yet, since the amino acid pattern and the digestibility of
the protein seem to be very good. It may be connected with the non-protein fraction,
e.g. the nucleic acids or some carbohydrates.

Similar problems arose in the course of our experiments with fresh sweet-water
green algae (Scenedesmus obliquus, 276—3a; kindly given by Abteilung fiir Algen-
forschung und Algentechnologie der Gesellschaft fiir Strahlen- und Umweltfor-
schung, Dortmund, West Germany (see Soeder & Pabst, 1970)). In experiments
with quail chickens, up to 25-309%, of the total protein content of the diet could be
replaced by the algal protein without disadvantage. The results of one of two
experiments are given in Table 3. In an experiment with three groups of laying hens,
o, 30 and 60%, of the total protein were substituted by the algal protein in rations
with a protein content of 130 g/kg, which can be regarded as suboptimal almost in
the first week.

The results of this trial are shown in Table 4. Obviously the amount of algal
protein was too high considering the low level of protein in the diet. The egg yolk
colour, however, was greatly improved. Further experiments should be made to find
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Table 3. Performance of quail chickens from 1 to 14 d old fed on diets* with various
quantities of fresh sweet-water green algae (Scenedesmus obliquus 276-3a)t (GA4)

(Each treatment was of four groups, each containing ten birds)

Protein Protein Food conversion ratio
content supplied Final body-weight - A \
of diet by GA — (g food intake/
(g/ke) (g/kg) (8) (% control) g wt gain) (% control)
200 o 52 1008 27 100
50 52 1008 2-8 104
100 49 04b 28 104
150 41 79¢ 32 119
300 o 66 1004 21 100
50 66 1009 21 100
100 65 08¢ 19 92
150 62 94° 23 108

#The diets contained soya-bean meal, isolated soya-bean protein, oil, cellulose and
maize starch. The calculated metabolizable energy content was 13-5 M]/kg. GA replaced
isonitrogenously and isoenergetically a mixture of soya-bean meal and isolated soya protein.
All diets were supplemented with methionine.

+Kindly given by Abteilung fiir Algenforschung und Algentechnologie der GSF,
Dortmund, West Germany.

a,b,c,d,e Values in the same column having different superscripts are significantly different.

Table 4. Performance of laying hens fed on diets* with various quantities of sweet-water
green algae (Scenedesmus obliquus 276—3a)t (GA)

(Each group contained cleven or twelve singly-housed hens)

Protein supplied by GA (g/kg)
AL

r N
o 38 76
Body-weight change (weeks 30~33) (g) +20 44 —169
Egg production (% hens/d)
Week 31 77 64 57
Week 32 81 65 50
Week 33 99 81 63
Over-all 85 70 57
Mean egg weight (g) 59°4 566 569
Egg production ratio (g food
intake/g egg mass) 2'1§ 223 2'56
Egg yolk colour} 5 14 14

*The diets contained maize meal, soya-bean meal, isolated soya-bean
protein, and contained so g fat and 130 g protein/kg; the calculated
metabolizable energy content was 13-5 MJ/kg.

1+Kindly given by Abteilung fiir Algenforschung und Algentechnologie der
GSF, Dortmund, West Germany.

1Graded by the ‘Roche Yolk Colour Fan’ (F. Hoffmann-La Roche & Co.
Ltd, Basel, Switzerland).

out the marginal amount of this algal protein in the nutrition of domestic fowl and
especially of the laying hen.

The third single-cell protein examined was bacterial biomass grown on methanol.
In these experiments the poor performance of broiler chicks, which could be seen if
amounts higher than 30 g/kg were introduced into the diets, was improved if the
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‘Table 5. Performance of male broiler chicks fed on diets* with various quantities of
bacterial biomasst (BB) grown on methanol

(Each treatment was on eight replicates with twelve birds.)

Food conversion ratio

Body-weight at day 28 Body-weight at day 45 r A
Protein Protein p A N — A ~ (g food intake/
content  supplied (®) (g) g Wt gain
of diet by BB —*—— (% —A— (% — (%
(g/kg) (g/kg) Mean S control) Mean sSE control) Mean S control)
180 o 659 30 100 1370 73 100 20 o1 100
30 631 17 96 1372 73 100 20 o1 100
6o 570 19 87 1266 69 92 2'0 o1 106
180 6o 668 28 101 1451 89 106 19 o1 99
(pelleted
diet)
240 o 757 35 100 1508 76 100 19 oI 100
90 689 40 91 1425 78 95 1’9 o1 102
90
(pelletedl) 748 29 99 1531 25 102 19 oI 98

*The maize-soya-bean diets had a calculated metabolizable energy content of 12:78 M]/kg. BB replaced
isonitrogenously and isoenergetically a mixture of isolated soya-bean protein, maize starch and cellulose.
All diets were supplemented with methionine.

+From Pseudomonas strains, given by Imperial Chemical Industries Ltd, England.

1Only the BB was pelleted.

rations or even the product alone were pelleted. The results of two trials with broiler
chickens are given in Table 5. In our experiments about 409, of the total protein
could be substituted by bacterial biomass if this product was pelleted. The growth-
depressing effect of the unpelleted material, therefore, seemed to be connected with
the fine and dusty structure of the product (D. A. Stringer, personal communication).
These results are in good agreement with those of H. Vogt (unpublished results) who
used the same product and also did not find any depression in the performance of
broiler chicks up to a level of 409, of the total protein in the diet. Higher levels than
609%, had a significant growth-depressing effect (H. Vogt, personal communication).
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