Acta Veterinaria (Beograd), Vol, 48, No.4, 263-268, 1999,

UDK &19:636.2.085,25

PROTEIN DEGRADABILITY OF SOME CONCENTRATE FEEDS USED IN DAIRY COW
NUTRITION

D. ALEKSIGY, G. GRUBICE, A. PAVLIGEVIG?

Institute for the Application of Science in Agriculture, 29. Novernbra 68b, Belfgrade,
Facully of Agriculture, Zemun - Belgrade

(Received, 10, May 1999,)

-

Protein degradibility in concentrates and by-products com-
monly used was determined by the in situ method on two rurninally
cannulated lactating cows. The investigated feeds and their effective
protein degradability at a rumen outtfow rate od 5% per hour were:
wheat bran - 44,6%,; maize meal - 37.1% oat meal - 40.6%; soybean
meal - 42.1%; sunflower meal - 68.8%; dried sugar beet pulp -
21.2%; pea grain - 62.4%; faba bean grajn - 47.1%. The results for
maize and sunflover meals are in agreement with those of other
authiors but most feeds had a somewhat lower protein degradability
than expected.
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INTRODUCTION

New methods for feed evauation in ruminant nutrition take intro account
the degradability of their protein in the numen. Utilization of feeds in rumin-
ants largely depends on degradability processes in the forestomachs. Protein
supply is one of the most important components of feeding schemes for dairy
cows (NRC, 1988, Madsen and Hvelplund, 1980). The main purpose of balanc-
ing protein in diets for dairy cows is to enable adequate amino acid supply
to the animal This is a very complex problem in ruminants, because the
microbial population in the rumen has a significant influence on protein supply
(Van Straalen and Tamminga, 1990, Grubié et al., 1996).

To enable the application of new systems of feed evauation, protein
degradability was investigated by the in situ method for eight feeds commonly
used for cows,

MATERIALS AND METHODS

Bags were made from synthetic material of dimensions 140 x 90 mm,
with an average pore size of 40 pm. Samples were ground in a hammer mill
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with a sieve size of 1 mm. Each feed was placed in five bags in each of two
ruminally cannulated cows. Sample incubations in the rumen lasted for 2, 8,
16, 24 and 48 hours. The cows were in lactation and received a diet of meadow
hay that met their nutritive needs.

Dry matter (DM) was determined by heating first at 60°C and later at
100+5 OC. The crude protein (CP} content was analyzed by the standard
Kjeldah! procedure,

Degradability parameters were derived as constants in a function that
made the best fit to in situ data. The function that best matched the experimental
data was calculated by an iterative nonlinear least squares procedure based
on Marquardt's algorithm. The protein degradability (PD) in the rumen was
expressed by the exponential model of McDonald (1981):

P=a+ b[l-ec(tto)]

where 'a’ is the soluble fraction extrapolated fromm the exponential portion of
the curve at zero time ('t'), 'b’ is the degradable fraction 'c’ is a rate conistant
for '’ expressed in % per hour and 't’ is the lag phase (in hours), or the time
at which degradation starts.

Effective degradability (ED) was calculated by the equation of McDonald

(1981):

ED = a + 9[_(°+k)t0]

c+ Kk

where 'k’ represents the theoretical out flow rate from the rumen (0.05) and
the other parameters were as above. To enable comparison between feeds
and with the findings of other authors all results were calculated with the same
k' value.

RESULTS AND DISCUSSION

The content of dry matter and crude protein in the investigated feeds is
given in Table 1.

Table 1. Dry matter and crude protein content in the investigated feeds, %

Feed Dry matter Crude protein
Wheat bran 89.59 15.23
Maize meal 87.00 9,80
Oat meal 87.00 10.00
Soybean meal 89.51 44,62
Sunflower meal 89.03 33.09
Dried sugar best pulp 90.97 10.65
Pea grain 87.00 18.30

Faba bean grafn 90.00 23.3
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Protein degradability of the investigated feeds was shown in Table 2. 1t
is noticeable that some feeds had lower degradability than expected from data
present in the literature. The explanation may be in the fact that the in situ
investigation was done on lactating cows where the outflow rate from the
rumen is high, which has a direct influence on effective protein degradability
(rskov and McDonald, 1979, Grubié and Zeremski, 1993}).

Thus, only the vaiues for maize and sunflower meals were close to the
expected range. The remainder were lower than found in cther investigations,
Those values demonstrate once again that protein degradability is one of the
most variable parameters in ruminant feeding.

Corresponding values from the literature, for the same feeds, are given
in table 3. There is great variation in the results obtained in different in situ
investigations, Several reasons may be responsible for that, The first source
of variability is the chemical composition of the feeds and their protein content
in particular. Another source of variation is feed processing, handling and
storage techniques. Sniffen et al. (1979) suggested that the variation in tech-
nology, especially heat treatment, among manufactures of ol meals {and other
feeds) was very high and that it significantly affected the protein degradability
of products, Unfortunately, informamtion about the technological aspects of
production, processing, handling and storage for the feeds investigated here
was not available.

Table 2. Protein degradability parameters, effective degradability (ED} and undegradable protein
(UIP) In the investigated feeds, %

Feed Degradability parameters ED up
a b c to {k=0.05)
Wheat bran 12.21 86.42 0.0300 - 446 554
Maize meal 3.27 81.24 0.0561 521 28.0 72.0
QOat meal 15.38 81.84 0.0223 - 40.6 59.4
Soybean meal 12.31 88.45 0.0254 - 42.1 §7.8
Sunfléwer meal 29.33 70.48 0.0837 - 68.8 31.2
Dried sugar beet pulp 2.26 73.98 0.0227 342 20,3 797
Pea grain 42,00 58.00 0.0941 6.50 56.9 434
Faba bean grain 6.00 94,00 0.0913 4,84 36.7 63.3

The second main source of variability is connected to the in situ technique
as a method for degradability investigation, Although great care was taken to
unify the method, there are still some differences in the way it is performed
by various authors, which leads to different resuits.

According to Grubi¢ et al. {(1993) the factors, may be classified in to the
following groups: (1} the influence of protein (nitrogen) nature in certain feeds;
() the specific role and importance of the rumen microorganism population;
(3) individual properties of animals; {4) diversity of data as a reflection of
different scientific methodologies involved in degradability investigations,
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Table 3. Undegradable protein in selected feeds as reported earlier A - Grubié et al. (1995), B -
NRC (1988), C - Madsen & Hvelplund (1990) , D - Susmel et al. (1989}, E - Kandylis &
Nikokyris (1990}, F - Van Straalen & Tamminga (1990}, G - Michalet-Doreau (1992), The
outilow rate (value k) was assumed to be 0.05 except in columns. D where it was 0.07
and F and G where it was 0.06.

Feed A B Cc D E F G
What brain 28 29 37 - 20 40 19
Malize meal 63 52 69 43 69 57 61
Oat meal 30 17 16 - - 24 17
Soybean meal a2 35 40 H 42 39 34
Sunflower meal 48 25 27 - 20 28 20
Dried sugar beet pulp 62 45 62 50 62 - 46
Pea grain - 12 23 - - - 20
Faba hean grain - - 14 - - - 34

Knowledge of mechanisms how some of the factors influence protein
degradability may reduce the large variation that exists within those data,
allowing precise diet formulation and fulfiliment of protein needs in ruminants.
Neverthe less, Nocek {1988} concluded that one method may not be the best
to express degradability in all feeds. The differences between some of the
existing methods and models are so big that they make serious problems in
comparing various feeds, Susmel et al. (1990) showed that there are significant
differences when degradability data from the same in situ experiment were
fitted to different equations. In certain tables given by NRC (1985 and 1988}
protein degradability values for some feeds (soybean meal, for example} have
coefficients of variation as big as 60%. Therefore, it is not very surprising that
data obtained in this in situ investigation are partially different from those found
by other authors. Although there has been great progress in protein
diegradability investigations in recent years, all problems connected with it are
far from bheing solved.

CONCLUSICN

Effective protein degradabiiity values of some feeds using an expected
ruminal outfow rate of 5% h were: wheat bran - 44,6% maize meal - 37.1%,
oat meal - 40,6%; soybean meal - 42.1%; sunflower meal - 68.8%; dry sugar
beet pulp - 21.2%; pea grain - 62.4% faba bean grain - 47.1%. The results for
maize and sunflower meals are in agreement with the results of similar inves-
tigations, although most feeds investigated lower protein degradability than
expected.



Acta Veterinaria (Beograd), Vol. 49, No. 4, 263-268, 1999, 267
D. Alekslé et al.: Protein degradability of some concentrate feeds used in dairy cow
nutrition

REFERENCES

1. Grubig, G., Zeremski, D. 1893, Influence of rumen out flow rate on eifective degradability estimation,
Review of Research Work at the Faculty of Agriculture. Veol, 38, No. 1: 133, Beograd,

2. Grubié, @., Zeremshi, D., Adamovié, M., Negovanovié, D., Stoidevid, Li.. Sretenovié Ljiljana,
Nikolic, R 1893. Faktori koji deluju na razgradivost proteina u ishrani prefivara. 1. Uticaj
hrane i mikroorganizama buraga. Biotehnelogija u stogarstvu, 8. {1-2): 54. Beograd.

3. Grubic, G., Adamovié, M., Sretenovié Ljiljana, Stoidevié, Li. Jovanovié, R., 1995, Protein
degradability of concentrated feedstufs used in Yugoslavia, Journal for Scientific Agricultural
Research, 56, 202, (3-4); 61, Beograd,

4. Kandylis, K., Nikokyris, R 1990, Preliminary investigatons on solubility and degradability of some
typical feedstuffs avalable in Greece. World Rev. of Anlm. Prod. Vol. XXV, 3: 50.

5. Madsen, J, Hvelplund, T 1990. Feedstufls table, The composition and protein values of feads,
A study of the quantitative nitrogen metabolism in the gastro-intestinal tract, and the resultant
new protein evaluation system for numinants, The AAT-PBV system. Inst. Anim. Sci. The
Royal Veterinary and Agricultural University. Copenhagen. p. 201.

6. McDonald, 1. 1981, A revised model for the estimation of protein degradability in the rumen, J,
Agric. Scl. Camb. 96; 251,

7. Michalet-Doreau, B. 1992. Alment concentries pour ruminants: dégrabilité in situ dans le rumen.
INRA Poductions Animales, 5 (5): 371.

8. Nocek, J. £. 1988. In situ and other methods to estimate ruminal protein and energy degradability:
a review. J. Dairy Sci. 71: 2051.

9. NRC 1885. Ruminant nitrogen usage. Natlonal Academy press. Washington DC.

10. NRC 1988. Nutrient requirements of dalty cattle. National Academy Press. Washington DC,

11. Rskov, E. R., McDonald, I, 1979. The estimation of proteln degradability in the rumen from
Incubation measurements weighted acoording to rate of passage. J. Agrie. Sci. 92: 499,

12, Sniffen, C. J,, Hoover, W. Junkins. L. L., Crooker, B. A., Macgregor, C. A. 1979, Variation in
protein and soluble carbohydrate composition of various feedstuffs. Proc. Cornell Nuir,
Conf. p: 119,

13. Susmel, R, Stefanon, B., Mills, C. R., Colitti, M, 1989, The evaluation of FDI concentrations in
some ruminant feedstuffs: a comparisen of in situ and in vitro proteln degradability, Ann,
Zootech, 38: 269.

14. Susmel, R, Stefanon, B,, Mills, C. R., Plasentier, E. 1990, Impiege di modell matematici diversi
ed effetto dela macinazione e della sstacciatura sulla degradabilita in situ della sostanza
secca e dell'azoto, Zoot, Nuir. Anim, 16, 157,

15. Van Straalien, M. W.,, Tamminga, S. 1990, Protein degradation of ruminant diets. Feddstufis
Evalluation {ed. J. Wiserman and D.J.A. Cols). p: §5. Butterworths. London



268 Acta Veterinaria (Beograd), Vol. 49, No. 4, 263-268, 1999,

D, Aleksi¢ et al.: Protein degradability of some concentrate feeds used in dairy cow
nutrition

RAZGRADIVOST PROTEINA NEKIH KONCENTROVANIH HRANIVA KOJA SE KORISTE U
ISHRAN] MLECNIH KRAVA

D. ALEKSIC, G. GRUBIC i A. PAVLIGEVIC

SADRZAJ

Razgradivost proteina koncentrovanih hraniva i sporednih proizvoda koji
se koriste ispitivana je pomoéu in situ metode na dve krave u laktaciji fistulisane
na buragu. Ispitivana hraniva i njihova efektivna razgradivost pri brzini odiiva
iz buraga od 5% su bila: pSeniéne mekinje - 44,6%, kukuruzna prekrupa 37,1%,
ovsena prekrupa - 40,6%, satma soje - 42,2%, saima suncokreta - 68,8%,
suvi rezanci 3ecerne repe 21,1%, zmo graska - 62,4, zrno boba 47,1%. Neki
od dobijenih rezultata su u saglasnosti sa podacima iz sli¢nih istraZivanja iako
je vecina imala nesto niZu razgradivost proteina nego $to je bilo odekivano.



