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PROTEI N REQUI REMENTS OF RUM NATE' S - THE ARC PROPCSALS

D.G Armstrong and L.M Brookes**

SUMVARY

An outline of the recent Agricultural Research Council (UK)
proposal s for assessing protein requirenents of rumnants (ARC, 1980), is
presented, The inportance of considering both rumen degradable protein
(RDP) and rumen undegradabl e protein (ubp) i s noted. Cal cul ations of the
protein requirenents and fornulation of rations for (i) a high yielding
cow in early lactation and (ii) a grow ng/fattening steer gaining lkg/day
are shown.

In the second part of the paper the ARC systemis examined in the
light of some recent data relating to microbial protein production, in
vivo degradability values for various feed proteins and the efficiency of
utilization of non-protein N nost obtained in studies with cattle. It is
concl uded that although, with the present state of know edge, the factors
proposed for use in the ARC schene appear to provide a reasonable estimte
of amino acid supply to the rumnant, further information is urgently
required relating to specific feed protein sources,’

| NTRODUCTI ON

For a very considerable period of time in the UK protein require-
ments for rumnants and the capacity of feeds to meet the requirenents
have been based on digestible crude protein (DCP) and an extension of it
to protein equivalent. The ARC (1965) proposals attenpted to correct
some of the known deficiencies in the system by expressing protein
requirenents in terns of available protein. This is then used to calculate
-the ampunt of digestible crude. protein needed in that anmount of dry natter
whi ch meets the animal's energy requirenent for the particular production
situation,

In the light of recent understanding of protein (nitrogen) digestion
in ruminants, the second, revised, edition of Nutrient Requirements of
Farm Livestock, No. 2 Ruminants (ARC, 1980) has proposed a new schene for
assessing protein requirements of ruminants. The schene enconpasses the
realisation that amino acid supply to the rumnant animal is provided as
the sum of ami no acids arising by digestion, within the snall intestine;
of microbial protein passing fromthe rumen and that part of the feed

protein which escapes degradation within the rumen.

The limtations of the DCP system and nerits of the proposed schene
have been referred to by Roy, Balch, MIler, Oskov and Smith (1977) in a
prelimnary report of the new systemand are given in full in ARC (1980).
Suffice it to say that in view of the extensive transformation of
i ngested protein or non-protein nitrogen (NPN) conpounds' occuring within
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the reticulc-rumen it is not surprising that special consideration has to
be given to assessing protein (N requirenents for this class of |ivestock.
Those responsible for the new proposals enphasize that, provided the basic
concepts are correct, the factors proposed for use in the systemat its
creation nust inevitably be subject to' modification as more extensive,

rel evant data become available --a concept that was equally true of the
energy proposals contained in ARC (1965).

THE ARC SYSTEM

CGeneral Approach

Essentially two calculations are made: (i) the total tissue needs
"for amino acid N of the animal (TN) to neet the level of production
required, using the factorial method (see Table 1), and (ii) the quantity

TABLE 1  Summary of data used to conpute TN values (as protein) for
cattle (ARC, 1980).

'i) Cattle, maintenance & growt h: Tissue protein requirenment =6.25 X
tissue N = sum of:

a) endogenous urinary N (as prot.) = 6025(5.920610glOW - 6.76) g/d
0.75 .
b) dermal N loss (as prot.) = 6.25(0.018W ) g/d
5
c) protein in weight gain = AW(168.07 - 0.16869W + 0.0001633W ) x
(1.12 - 0.1223AW) (g/d) for castrates
where AW = rate of live wt. gain kg/d.

ii) cattle, additional requirement for pregnancy: For 40kg calf daily
tissue protein retention (g/d) is:
TP(t) x 0.03437 exp. -0.0026¢ where t = no. of days from conception
' 3.707 - 5.698 exp. - 0,0026t

I

and 1OglO(Tp(t))

.iii) Cattle, lactation:
For no change in body weight, the TP requirement is the sum of:

a) endogenous uringery N as protein (see above)
b) dermal N loss (as protein) (see above)

c) Proteininmlk (g/kg) = mlk yield (kg/d) x protein concentration
inmlk g/kg,

Protein concentration in mlk - Friesian cow = 6.25 X 4.8g/kg
Ayrshire cow = 6.25 X 5.0g/kg
Jersey cow 6.25 x 5.7g9/kg

Note: Tissue protein is assumed to be reduced by 56g/d for a
wei ght | oss of 0.5kg/d or increased by 75g/d for a wei ght.
gai n of 0.5kg/d.

iv) Conparable values for sheep - See ARC (1980).
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of amino acid v of microbial origin (TMN) available to nmeet the tissue
requirements for anino acid n, resulting fromthe fermentation of dietary
energy within the reticulo-rumen. The dietary N used to supply the micro-
organi sns with their N requirement is terned rumen degradable N (RDN).

If ™N > TN then the N requirenent of the animal is.that designated RDN,

If TN > TMN then the difference nust be supplied by amino acids of dietary
origin that pass undegraded through the reticulo-rumen, and this, expressed
in ternms of N supply is called undegraded dietary N (ubN). In this
"instance total dietary Nrequired is the sum of RDN and UDN,

In order to conpute values for TN, TMN, RDN and UDN various factors,
are used and these are given in Table 2.

TABLE 2 Factors used tocompute values for rRDN and TMN (ARC, 1980)

i) lkg digestible organic natter (DOM = 19.0 MJ DE.
ii) proportion of poM intake (DOM) lost as nethane and in urine: 0.18.
iii) proportion of DOM apparently digested in the rumen = 0.65.

iv) microbial Nyield fromzrumen = 30g microbial N kg poMm apparently
di gested therin.

~v) proportion of anmino acid Nin total N of rumen mcrobes = 0.8.
vi) efficiency of absorption of amino acid N from small intestine=0.7.

vii) efficiency of utilization of absorbed amno acids = 0.75,

Rel ati onship between protein (N) requirenent and metabolisable energy intake

From a consideration of Nenergy relationships in rumnant digestion.
and netabolism which are given in full in ARC (1980) and outlined briefly
in Table 3, it is possible to 'calculate values for RDN, TMN and UDN from
the metabolisable energy intake (ME) (MI/d) required to achieve the |evel

of production desired, or obtainable. This is very appropriate since it
is a fundanental of nutrition that the energy requirement is primary and
"will, in the great majority of instances at |east, be satisfied at the
expense of the requirement for protein,

TABLE 3 Rel ati onshi p between requirements (gN/d) for RND, TMN and UDN
and net abol i sabl e energy (ME) requirement (MJ/d) (ARC, 1980)

. _ 1
(i) RDN (g/d) = ME X5 8515 X 0.65 x 30
= 1.25 x ME

(ii) TMN (g/q) RDN x 0.80 x 0.70 x 0.75

0.53 x ME

(iii) UDN = T™N — TMN = TN - 0.53ME
0.75 x 0.70 0.75 x 0.70

1.91TN - 1.00ME

Il
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Estimation of undegradable protein

"As a result of microbial fernentation in the rumen, dietary proteins .
undergo proteolysis in the rumen to a greater or |esser extent to yield
peptides and subsequently am no acids; these, or that part of them not
directly taken up by the rumen mnicro-organisns, are subject to deamination"
yielding amonia N. The extent to which a particular source of dietary
protein undergoes these degradative processes is a characteristic of the
ki nd of protein, the nature and ampunt of the diet, pH conditions wthin,
and rate of flow of digesta through the rumen.

Undegraded dietary protein (UDP) equals UDN x 6.25 is that part
of the dietary crude protein (CP) which 'is not degraded during passage of
digesta through the rumen and which subsequently enters the small :
intestine. Degradability is thus measured as RDP, where CP = RDP + UDP
and RDP = RDN x 6. 25. CP

Currently, a lot of attention is being given to determning the
degradability of dietary proteins and this i nportant aspect will be
commented upon later in this paper. Until nore ‘reliable data beconme
avai | abl e, ARC (1980)has classed feeds into one of four broad categories
of degradability (see Table 4). Application of degradability values to
a particular feed or conbination of feeds pernmt calculation of the
actual amunts of RDP and UDP supplied in the ration.,

TABLE 4  Suggested grouping of sone inmportant dietary protein sources
for degradability (ARC, 1980)

Class Range of Forages Cereals Protein
degradability supplements
A 0.71 - 0.90 grass & legume hays barley groundnut meal
dried grass (chopped) sunflower meal
grass silage (wilted soyabean meal
and unwilted) (unheated)

rapeseed meal
field bean meal
yeast protein

B 0.51 - 0,70 grass & legumes ‘ maize soyabean meal
(fresh) dried grass (cooked), lupin
(ground & pelleted) meal, coconut
dried legume chopped meal, fishmeal
(except sainfoin) (white)

C 0.31 - 0.50 dried legume (ground milo fishmeal
& pelleted) (Peruvian)

D <0.31 grass silage (formal-

dehyde~treated) dried
sainfoin (chopped)
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The use of non-protein nitrogen (NPN) suppl enents

Fromthe foregoing it will be appreciated that dietary NPN can only
be used to correct a deficiency of RoP in the diet and in these circunstances
ARC (1980) has proposed that such dietary N additions are used with an
efficiency of 0.80, i.e, for every g NPN added to the diet 0.8g N are
converted to microbial protein. Further comment upon this aspect will
al so be nmade |ater,

If urea is to be used as the NPN source to correct a deficiency of
dietary RDP then, assuming it contains 460g N kg urea, and allow ng for
an efficiency of utilization of 0.80, the anobunt of urea required to be
added to the diet (g/d) canbe calculated fromthe equation;

wt., of urea (g/d) = deficit of -RDP = deficit of RDP
0.46 x 6.25 x 0.8 2,30

where deficit of RDP = RDP required (Based on 30g microbial N kg oM
apparently digested in the rumen) - RDP actually supplied

= (1.25 ME X 6.25) - (cp of ration x degradability factor).

It rmust be noted that if there is a deficit of both RDP and UDP in
the ration the deficit of UDP nust first be. corrected by choice of'a
protein supplement with an appropriate degradability factor, After
allowing for the associated RDP supplied by this protein supplement, then
if there is still a deficiency of ROP this can be corrected by the use of
an appropriate anount of NPN, as shown for urea inmediately above,

REQUI REMENTS CF CRUDE PROTEIN AND FORMULATION OF A RATION FOR A
HIGH-YIELDING DAIRY COW I N EARLY LACTATION

Table 5 shows the calculation of the requirements of RDP and UDP
for a 600kg dairy cow yielding 30kg milk/d, Since the cowis in early
lactation she may be losing 0.5 kg liveweight/d and this loss will
include a small contribution to tissue N requirement (56g protein/d),.

It can be 'seen that if the ration fornulated net exactly the RDP and UDP
requirements it would have a crude protein content of 123g/kg feed DM

TABLE 5 Cal culation of the protein requirenment of a non-pregnant, 600kg
Friesian cow in early lactation giving 30kg mlk/d (36g/kg BF; .
85g/kg SNF) - allowing for a 0.5kg/d weight |oss

(Note: ME requirements and dry matter intake taken from MAFF
Technical Bulletin 33 (1976) HMSO)

i) ME required = 63 + (30 x 4.9) - 14 = 196MJ/d

ii) Dry matter intake = 15.5kg/d

N in milk + endogenous N + Il in
scurf & hair - body tissue loss.

iii) Tissue N requirement (TN)

(30 x 4.8) + 9.7 + 2.2 - 9.0
= 146.9
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(iv) Rumen degradable N rquirement (RDN) = 1.25 x ME = 1.25 x 196
= 245g/d

(v) Total microbial amino N supplied to tissues (TMN) = 0.53 x ME
= 103.9. ’

(vi) Undegraded protein (N) requirement (UDN) = 1,91 x TN - 1.00 x ME
=1,91 x 146.9 - 196
= 84.6

(vii) Therefore Dietary.N requirement = RDN + UDN = (245 + 84.6)
= 329.6gN/d.

(viii) Expressing these values in terms of crude protein i.e. x (N x 6.25)

Dietary crude protein requirement = (RDP + UDP) = 6.25(245 + 84.6)
= (1531 + 529)
= 2060. ‘

(ix) Therefore Dietary minimum crude protein concentration required*
= 2060)g/kg
15.5

= 132.99/kg

(x) Degradability of crude protein in whole ration = 1531 = 0.74
2060

*This mininmum value would only be realised if the ration as
formulated to meet these requirements supplied exactly the amounts
of RDP and UDP required

Using the feeds detailed in Table 6, formulation of a ration to
neet the requirements given in Table 5 is shown in Table 7, Ration 1,
containing only hay and barley, although it neets dry matter and energy

TABLE 6 Feeds to be used in fornulating a ration to neet the energy
and protein requirements of the 600kg cow yielding 30 litres
mlk daily - specified in Table 5. . The mgjority of data in
this Table are from MAFF Technical Bulletin No. 33

DM v ME CP. Degrad., RDP UDP
(mg/kqg) (MJ/kgDM) (g/kgDM) of CP (g/kgDM) (g/kgDM)

Hay 850 8.4 ' 85 0.80 68 17
Barley 860 13.7 108 0,80 86 22
Soyabean meal 900 12.3 503 0.80 402 101
Herring meal 900 11.1 701 0.40 280 421

Urea 1000 - (2875) 1.00 (2875) o]




requirenents,

is of course,

i nadequate in both RDP and UDP
of a specified amunt of soyabean neal

30

The
(Ration 2) results in a diet

i ncl usi on,

adequate in dry matter,

energy and UDP but containing an excess of RDP .

and this is reflected in the high crude protein concentration in the

ration dry matter viz,

171g/kg DM

Reducing the daily intake of soyabean

neal

‘TABLE 7

from2.9 to 0.6kg/d and adding 0.5kg herring meal,
adj ustments in the amounts of hay and rolled barley fed (Ration 3)

‘with slight
meet s

Rations fornulated to energy requirenents and finally protein

requi renents of the 600kg cow producing 30kg milk/d detailed
in Table 5; using the feeds given in Table 6,

Intake of DM intake ME intake RDP UDP CP degrada- CP
feed ('as kg/a MJ/d bilityof g/ko DM
fed basis') protein
1. Requirements - 2 15.5 196 1531 529 2060 0.74 >133
2. Ration 1.
Hay 3.6 3.1 26 209 52 261 0.80 -
Barley 14.4 12.4 170 1073 268 1341 0.80 -
18.0 15.5 196 1282 320 1602 0.80 103
satisfactory balanced deficient too
high
3. Ration 2.
Hay 2.8 2.4 20 163 41 204 0.80 -
Barley 12.2 10.5 144 907 227 1134 0.80 -
Soyabean meal 9.2 2.6 32 1046 261 1307 0.80 -
17.9 15.5 196 2116 529 2€45 0.80 171
satisfactory balanced excess bal- too
anced high
4. Ration 3.
Hay 3.3 2.8 23 188 47 236 0.80 -
Barley 13.7 11.8 162 1020 255 1274 0.80 -
-Soyabean meal 0.6 0.5 6 205 51 256 0.80 -
Herring meal 0.5 0.4 5 118 176 294 0.40 -
18.1 15.5 196 1531 529 2060 0.74 133

I ntakes of (g/d)

satisfactory balanced balan~ balan-correct for

ced ced

minimum CP

content (g/kg

DM)
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requirements of dry matter, energy, RDP and ubp with no excesses of either
of the last two mentioned and brings the CP concentration down to 133g/kg

. DM. The replacement of a considerable part of the soyabean nmeal by a nuch
smal ler. amount of the markedly |ower degradable herring nmeal has resulted
in the protein of the whole ration having a degradability of 0.74 which is
the value required to achieve a mnimm crude protein concentration in the
feed dry matter. |If the ration as formulated has a higher or lower protein
degradability than 0.74 then additional cP in the diet dry 'matter is require
inthe first instance it would provide an excess of RDP with UDP bal anced, ,
in the second instance it would provide the correct anpunt of RDP but an
excess of UDP.

The above exanpl e has beenchosen to illustrate various features of the
ARC (1980) system The ration as finally fornulated would be very likely.
to induce a lowmlk fat 'problemsince the ratio of forage: concentrate
|S 1:40

REQUI REMENTS OF CRUDE  PROTEIN AND FORMULATION OF A RATION FOR A
300kg STEER GAI NI NG 1kg/d

Table 8 shows the calculation of the requirenents for RDP AND UDP for

a 3QCkg steer of nedium sized breed gaining 1kg/d and fed a ration of rolled
barl ey and barley straw (spring), The energy requirements of the steer and
anal ysis of feeds are taken from -MAFF Technical Bull, 33; the degradability
of barley straw crude protein has been assumed to be 0.80, It can be seen
from Table 8 that if RDP and UDP requirements are exactly met by the ration

. to be formulated it will have a crude protein concentration in the dry

matter -of 84g/kg.

TABLE 8Cal cul ation of protein requirement of a 300kg steer gaining lkg/d
LW gain

1., It is assumed that intake of dry matter will be 2.3% LWioeo 6.9kg/day
and the feeds to be used are:

(i) rolled barley: 860gDM/kg; ME 13.7 MJ/kg; CP = 108g/kg and
degradability = 0,80,

(ii) barley straw (spring): 860gDM/kg; ME 7.3MJ/kg; CP = 38g/kg
and degradability = 0.80.

From Technical Bull, 33 ME for nmintenance =3MJand to neet ME
requirements minimum M, value of 10MJ/kg shoul d be satisfactory (see
Tabl e 11, Bull. 33) io'e‘;Dt otal ME intake = 69MJ/d. Cal cul ati on shows
that to nmeet energy requirenents 2.9kg DM barley and 4.0kg DM straw
should be fed daily,"’

2, Ration /kg DM’
constituents DM ME cp degrad. RDP UDP
' g/kg (M3) (9) (9) (9)
Rolled Barley 860 13.7 - 108 0,80 86.4 21.6
Barley Straw 860 7.3 38 0.80 30.4 7.6

30 Calculation of UDP and RDP requirementsa
(i) RDN =1.25 x ME = 86,25gN/d therefore RDP = 6.25 X 86.25 = 539g/d

(ii) UDN = 1,91TN - 1.0 X ME
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TABLE 8 (continucd)

but TN = Endog. urinary N + N in gain + N in scurf
= 7.9 30.2 1.3 (from ARC 1980)
= 39.4

therefore UDN = 1.91 x 39.4 - 69 = 6.3
therefore UDP = 6.3 X )
and degradability 539

= = 0.93
(539 + 39.4)

4, M ni mum concentration of crude protein: Assunming a dry matter
i ntake of 6.9kg/d, the mininum crude protein in the ration would be

(539 + 39)

= 83.8g/kgDM
.5 g/kg

Table 9 gives details of the fornulation and' itcan be seen that
barl ey and straw alone, in the amounts adequate to neet the energy
requirenent, provides a small excess of UDP but is nmarkedly deficient in
RDP. Under these conditions no weight is given to the surplus UDP but
the deficit of ROP is made good by the use of an appropriate anmount of
non protein Nin the formof urea supplied at the rate of 10.5g/kg feed
dry matter. Due to the slight excess of UDP and to the fact that NPN
is only assumed to be 0.80 efficient in meeting RDP requirements, the .
overall crude protein content of the ration (total N x 6.25) becones
98g/kg DM which is a little higher than the m ni num of 84g/kg DM

TABLE 9 Formulation of ration to neet the requirenents for energy,
RDP and UDP of the 300kg steer gaining lkg/d

I ntakes of (g/d)

Intake of DM intake ME intake RDP UDP CP degrada-  CP
feed (kg/d) (MJ/Q) bility of(g/kg DM)
('as fed basis') protein
1. Requirements: i_6.9 69 539 39.4 578 0.93 84
2. Ration:
Barley 3.4 2,9 39.7 250.6 62.6 313.2 -
Barley straw 4.7 4.0 29.2 121.6 30.4 152.0 - -
8.1 6.9 68.9 372.2 93.0 465.2 0.80 67

satisfactory balanced defic- excess
' ient

3., To correct deficit of RDP:

wt. of urea (g/d) = deficit of RDP = 167 = 72.6
2.30 2.30

therefore 10.5g9 urea/ kg DM of rationnmust be used
4. The crude protein content of the ration Of barley and barley straw plus
urea
= 372 +167 93 = 97.6g/kg DM
- 80

6.9
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Tabl e 10 shows the conparison between the crude protein contents of
the rations formulated in Tables 7 and 9, derived from ARC (1965) and
t hose based upon ARC (1980). Wth references to the high-yielding dairy
cow, it can be seen that DCP requirenments are independent of the source
of protein concentrate used and that in Terms of CP concentration in feed

TABLE 10 A conparison of ARC (1965) and ARC (1980) protein requirenents
for exanples detailed in Tables 7 and 9.

ARC (1965) ARC (1980)
DCP CP. CP
(g/kgDM) (g/kgDM) (g/kgDM)
(i) 600kg cow in early Ration 2% 114 "~ 146 171
lactation yielding Ration 3% 114 146 133
30kg milk/d
+ +
(ii) 300kg steer gaining Ration 2*%* 56 84 98+
lkg/d
. + . .
+Ration would contain +Ration would contain
5.5 urea/kgDM 10.5 urea/kgDM
*See Table 7 **See Table 9

dry matter the value is 146g/kg. On the other hand with the new
proposal s (ARC, 1980) if soyabean neal is used as the sole protein
concentrate 171gCp/kg feed dry matter is required, a value considerably
in excess of that suggested by ARC (1965). Use of appropriate anmounts

of two (or nore) protein concentratesto ensure the correct protein
degradability of the ration as a whole results in a |owered CP require-
ment conpared with ARC (1965) specifications, For the grow ng/fattening
steer ARC (1980) gives a slightly higher requirenent for CP concentration
in feed dry matter reflected in the increased anount of ureasuppl enent
used,

Brief reference will now be made to some recently, nostly
unpubl i shed, data fromthe Department of Agricultural Biochemstry and
Nutrition, University of Newcastle upon Tyne, which are relevant to the
proposed ARC (1980) schene for protein eval uation,

M CROBI AL N PRODUCTION | N RELATI ON' TO | NTAKE OF DI GESTI BLE ORGANI C MATTER

Tabl e 11 shows sone val ues obtained using dry cows for anounts of
m crobial N produced and the proportion of the digested OM intake (DOM)
which i s apparently digested in the rumen; the data relate to a variety
of feeds., It will be recalled that in the ARC (1980) schene the nean
val ues accepted for these two paraneters are 30g/kg OMApDR and 0.65; and
whi ch when taken collectively inply that (30 x 0.65)g i.e. 19,59
mcrobial N enter the small intestine of the animal/kg DOM. It can be
seen from Table 11 that with silages fed alone and with hay/rolled
barley diets &supplemented with urea, microbial W yields are generally
| ower than the value of 30 and the proportion of digested OMintake
apparently lost in the reticulo-rumen i s somewhat higher than 0.65. The
net effect for such diets is to give yields of microbial ¥ (g)/kg DOM
close to the value of 19.5 (see Table 11): Notable exceptions are when
a protein supplement was given to feed conprising silage, barley;, dairy
cake, or when hay/rolled barley diets or alkali-treated straw barley.
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diets were supplenented with I1BDU given 3x/d or with urea given "little
and often" (i.e. 24x/d). The flaking of barley conpared with rolling
i ncreased efficiency of mcrobial N production in the rumen.

TABLE 11  ARC (1980) 'Protein Systens: Some recent data relating to
several diets fed to dry cows for mcrobial N yielded from the
reticulo-rumen and proportion of the DOM apparently digested
within the reticulo-rumen

Microbial N(g) OMApPDR 1l x 2 Source of
/kg OMApDR** DOMI (30x0.65) ** data
(1) (2)

Silage (wilted, no additive) 25.3 0.77 1.00 Overend
(1979)

Silage (wilted, no additive) 27.3 0.78 1.09 Brett
(1980)

Silage (wilted, no additive) 28.0 0.79 1.13 Brett
(1980)

Silage (wilted, formic +

formaldehyde) 25.2 0.68 0.88 Overend
(1979)

Silage (wilted, formic +

formaldehyde) 8.5pt.

Silage: soyabean meal lpt. 31.0 0.73 1.16 Overend
(1979)

Silage (wilted, no additive)

l.7pt.: barley, lpt.: dairy

cake lpt. 27.7 0.78 1.11 Brett et al.
(1979)

Silage (wilted, no additive)
3.8pt.: barley, 1l.3pt.: dairy
cake, 2.3pt and soyabean meal

1.0pt. 34,8 0.75 1.34 Brett et al.
N (1979)

Hay 1lpt.: rolled barley 2.3pt. 22.4 0.77 0.88 Meggison
(1979)

Hay lpt.: rolled barley 2.3pt.

+ urea (3x/4d) 25,6 0.73 0.96 Meggison
(1979)

Hay lpt.: rolled barley 2.4pt

+ IBDU (3x/4d) 44.6 0.66 1.51 Meggison
(1979)

Hay 1lpt.: flaked barley 2.4pt. 35,7 0.72 1.32 Meggison
(1979)

Hay 1lpt.: flaked barley 2.4pt.
+ urea (3x/d) . 33.3 0.70 1.20 Mcggison
(1979)
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TABLE 11 (continued)

Feed Microbial N(g) OMApDR 1 x2 Source of
= /kg OMAPDR*  DOMI  (30x0.65) ** data

Hay lpt.: flaked barley 2.4pt.
+ IBDU (3x/d) 41.0 0,63 1.32

Meggison

(1979)

Hay 1lpt.: ground maize 3pt. 32.4 . 0.62 1.03 Meggison
(1979)

Hay lpt.: ground maize 3pt.

+ urea (2x/4) 4 29.9 0.67 1.03 Meggison
(1979)

Alkali~treated straw 1lpt.: .

ground barley lpt. 34.7 0.71 1.26 Meggison
(1979)

Alkali-treated straw lpt.:

ground barley lpt. + urea (2x/d) 28.6 0.71 1.04 Meggison
(1979)

Alkali-treated straw lpt.:

ground barley lpt. + urea (24/4) 42.4 0.76 1.65 ‘ Meggison
(1979)

Alkali-treated straw lpt. , .

ground barley lpt. + IBDU (2x/d) 44.4 0.69 1.57 Meggison
(1979)

* OMApDR = OM apparentlydigested.in reticulo.- rumen
*% 30 x 0.65 = microbial N(g)/kg DOMI (ARC, 1980).

I N VI VO DEGRADABI LI TY VALUES FOR VARIOUS FEED PROTEI NS

Some data from the Newcastle laboratory relating to in_vivo val ues
"for the degradability of feed Nin the reticulo-rumen of dry cows are
shown in Table 12. It nust be understood that at the present time there
is no one accepted nethod for determning these values arid, in fact,
val ues derived by each of two methods are shown in the Table for those.
di ets where the relevant data are to hand.

TABLE Some values for degradability of feed N determined in vivo
using dry cows (source of data as shown in Table 11)
Feed In vivo degrad. of feed N 'ARC (1980)
determined on basis of: values
TAA-N* - NA-N**
Silage (wilted, no additive) 0.88 0.74 0.80
Silage (wilted, no additive) - 0.69 .~ 0.80
Silage (wilted, no additive) 0.77 0.80

cont. over page
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- TABLE 12 (cont:inucd)

Feed In vivo degrad. of feed N ARC (1980)
determined on basis of: : values
TAA-N* NA-N**

Silage (wilted, formic +
formaldehyde) 0,60 0.47 0.30

Silage (wilted, formic +
formaldehyde) 8.5pt

:soyabean meal lpt. 0.74 0.77 0.44
Silage (wilted, formic acid +

formaldehyde) 1l.7pt.:barley 1lpt.:
dairy cake 1lpt. 0.82 0.80

Silage (wilted, formic acid +

formaldehyde) 3.8pt.: barley 1l.3pt.:

dairy cake 2.3pt.: soyabean meal

1.0pt. 0.79 0.80
Hay 1lpt.: rolled barley 2.3pt. 0.79 0.75 0.80

Hay. lpt.: rolled barley 2.3pt.
+ urea (3x/4) 0.85 0.66 0.86

Hay 1lpt.: rolled barley 2.4pt +
IBDU (3x/4) 0.87 0.75 0.86

Hay lpt.: flaked barley 2.4pt. 0.79 0.76 0.80

Hay 1lpt.: flaked barley 2.4pt. +
urea (3x/4) 0.86 0.71 0.87

Hay 1lpt.: flaked barley 2.4pt. +
IBDU (3x/4d) 0.90 0.63 0.86

Hay lpt.: ground maize 3pt. 0.74 - 0.39 - 0,66

Hay 1lpt.: ground maize 3pt. +
urea (2x/43) 0.81 0.86 0.75

Alkali-treated straw lpt.: ground
barley lpt. 0.62 0.69 0.80

Alkali-treated straw lpt.: ground
barley lpt. + urea (2x/d) 0.69 0.72 0.87

Alkali-treated straw lpt.: cround
barley 1lpt. + urea (24x/4d) 0,78 0.97 0.86

Alkali-treated straw lpt.: ground
barley 1lpt. + IBDU (2x/d) 0.79 0.74 . 0.86

Footnotes over page
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TABLE 12 footnotaos

amino acid flow into S.I.
Total N in feed

*determined as 1 K:total amino acid into S.I. - microbial totaf>

**determined as 1 -/total non ammonia N into S.I. - microbial—N\\
into S.I.
Total N in feed

In one nethod (designated TAA-N in Table 12) degradability is
expressed as 1- (total amno acid N (TAAN) entering the small intestine
less the microbial TAA-N entering therein, and the difference divided by
total N (TN) fed). In the other method, (Designated NA-N in Table 12)
val ues are derived as 1- (total non-ammoni a-N (TNA-N) entering the small
intestine less the mcrobial ~ entering therein, divided by the T fed).

In the first mentioned only anmino acid flowing into the small intestine
is considered although error arises since no allowance is made for those
amino acids orrurring in the gastric secretions. In the second nethod,

based upon NA-N flow into the small intestine, additional error is

associated with any non-anmmonia, non amino acid N originating from feed

or gastric secretions, which enter the small intestine. W suggest that
if data for "amno acid v flows are available, the first method is the
preferred one.

EFFI Cl ENCY OF UTI LI ZATI ON OF NON-PROTEIN-N | N CATTLE

Table 13 'shows sonme values for the efficiency of use of two NPN
sources, urea and isobutylidene diurea- (IBDU) in cattle fed basal diets
conprising either cereals given individually with hay or alkali-treated
straw. Efficiency of NPN use is calculated as the increase in microbial
-N (g) entering the small intestine over that observed when no NPN
supplenment is given /kg n in the NPN suppl enment.

TABLE 13  Efficiency* of NPN utilization (data of' Meggison, McMeniman
& Arnmstrong 1979)

Source of Frequency of Basal diet Efficiency of
NPN feeding NPN utilization
Urea 3x/d hay, barley ~46
Urea 2x/4d “alkali-treated straw
+ barley -139
Urea 24x/4 alkali~-treated straw
+ barley 786
IBDU 3x/d hay, barley 875
IBDU 2x/4 alkali-treated straw
+ barley 746

*Efficiency expressed as increase, over that on basal ration, of micro-
bial N entering small intestine (g)/kgN in NPN supplement. '



Wth urea, efficiency only approached the value of 800 as used by
ARC (1980) when it was fed "little and often" i.e. 24x/d. with IBDU - a
slow, sustained release source of NPN - efficiency is high even when the
NPN product is fed infrequently.

CONCLUDI NG REMARKS

It can be seen fromthe data referred to in the later part of the
paper, based on in vivo observations obtained in dry cows, that, at the
present state of know edge,ithe factors proposed for use in the ARC (1980)
scheme for protein evaluation provide a reasonabl e estimate of the amino
acid supply to the rumnant. One area where further know edge is clearly
needed is the level of degradability of the crude protein in various feeds.
The in vivo nethod is clearly unsuited for routine |aboratory assessnent.
The dacron bag techni que provides a neans of ranking feeds in order of
their degradabilities .as can be seen in the results presented in Table 14.
However, the choice of a 24h period is arbitary and the nmethod needs to
be conbined with a determnation of nean retention time of feed particles
within the rumen (as distinct from fluid retention tinme referred to in
Tabl e 14) to estimate the actual degradabilities for different feed
proteins.

TABLE 14 . Conparison of sone. degradability values determned "in sacco'
with values determned in vivo for cattle

Feed Basal diet Values determined Values determined Source
for 'in sacco' 'in sacco' . 'in vivo' of
determination at mean fluid at data

retention time 24h
in rumen .

Soyabean hay, soyabean .

meal meal ’ 0.73 0.96 0.82 - Brown/
Overend
(1980)

Soyabean hay, barley,
meal soyabean meal 0.41 0.70 0.74 Rooke
(1980)

Soyabean hay, barley,

meal soyabean meal

(HCHO

protected) 0.21 0.31 0.39 Rooke
(1980)

Hay hay - 0.55 0.62 Brown/
Overend
(1980)

Silage silage 0.82 0.88 0.77 Brett

(1980)
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