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Cattlemen's Day 1997

ESTIMATING THE UNDEGRADABLE INTAKE
PROTEIN CONTENT OF TWO FORAGES BY
DIFFERENT COMMERCIAL PROTEASES

I.E.O. Abdelgadir, R. C. Cochran
E. C. Titgemeyer, and E. S. Vanzant

Summary several commercial proteases for determining
protein degradability, size of protein fractions,
We evaluated the potential of severaland the UIP content of forages. Values
commercially available proteases for use inobtained using the proteases were compared
predicting the undegradable intake proteinwith those obtained b in situ and in vivo
(UIP) concentrations o falfalfa and prairie hay. methods in a previous experiment.
Protease s differed in their estimates o fthe rate
of forage protein breakdown arthd amounts of Experimental Procedures
different forage protein fractions . At least one
protease appeared to vyield acceptable Experiment 1.Four co mmercially available
predictions of UIP v & ahort-term, single time- proteases were used to measure protein
point assa yAssays of this type deserve further degradability in alfalfa and prairie hay. The
consideration for commercial application. proteases were fronStreptomyces griseus
(SGP), Aspergillus oryzae (AOP), Ficus
(Key Words: Protein Degradability, Proteases, glabrata (ficin), or bromelain from pineapple
Forages.) stem (BR).

Introduction For the SGP procedure, hay samples con-
taining 14 mg N(.52 g of alfalfa or 1.64 g of
Current feeding systems for ruminants prairie hay, air-dry basis) wer eincubated for 1
requireknowledge of the proportion of forage hour at 39C in 40 ml of borate-phosphate
protein degraded in the rumen (degradablebuffer (pH 8.0). For the AOP, BR, and ficin
intake protein = DIP) versus that escaping the procedures, .5 ml of triton X-100 and 20 ml of
rumen (undegradable intake protein = UIP). 1:1 mixture ofin vitro rumen buffer (pH 6.8)
Measuring the DIP or UIP content using and macromineral solution were added to hay
animals (i.e., vian vivo or in situ techniques) samples. One ml of sodium azide (1% wi/v)
requires maintenance of irgtieally or ruminally was added to all flasks as an antimicrobial
fistulated ammals, which are expensive, require agent. Following the 1-hour buffer incubation,
special care, and are frequently unavailable inlO ml of SGP at .33 units/ml, AOP at 3.5
commercial laboratory settings. units/ml, BR at 5.0 units/ml, or ficin at 2.15
units/ml were added, and samples were
In vitro procedures using semipurified pro- incubated for .25, .5, 1, 2, 4, 8, 12, 24, and 48
teolytic enzymes have showpnomise as routine hours. The O0-hour incubations were those
laboratory techiques for estimating UIP, but in subjecte d only to the 1-hour buffer incubation.
most cases, only concentrates and protein
supplements have been tested extensively.
Information about how these proteases work
with forages is needed. Therefore, our
objectives were to evaluate the potential of
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Following exposure to the protea, samples that in several cases, tlaraount of N remaining
were filtered, residues were washed with 400after incubation in SGP, ficin, or BR for a
ml of deionized water, and nitrogen (N) defined ¢éngth of time closely approximatend
contents of the residues were measuredvivo UIP. As a result, we felt that further
Fractions and rates obtained were used texploration of simple, single time-point assays
calculate the UIP contents of th eforages usingvas justified (see Exp. 2).
passage rates measured in a previouvs/o
trial (average for both forages was Experiment 2. The main focus of this
approximately 2.9%/hour). experiment was to develop a rapid, commer-

cially viable, UIP assay. We used a range of

Experiment 2. Alfalfa and prairie hay enzyme concentrations and incubation times to
samples were incubated at ‘Y%or 1 hour in  see if assay length could be reduced by using
an appropriate buffer solution, followed by higher enzyme concentrations. The highest
addition of 10 ml ofSGP solution containing concentration s of ficin (21.5 units/ml) and BR
.33, 3.3, or 33 units/ml; BR solution containing (50 units/ml) resulted in viscous solutions,
.5, 5.0, or 50 units/ml; or ficin solution causing filtration problems that prevented
containing .215, 2.15, or 215 units/ml. Basedadequate washing of the residue from
on results loserved in Exp. 1, the AOP enzyme solubilized N. Consequentlyesults obtained at
was not used in Exp. 2. Samples werethese high enzyme concentrations, particularly
incubated for 2 4, or 48ours. Residual N was at short incubation times, were unreliable.
considered to represent theRJcbntent and was

expressed as a percentage of total protein. The two combinations of enzyme concen-
tration and incubation time that compared best
Results and Discussion to in vivo values were the 4-hour incubation in

SGP at 33 units/ml and the 48-hour incubation
Experiment 1 The size of forage protein in SGP at .33 units/ml (Table 2) . Results with
fractions and degradation rates (Table 1)the long incubation, low concentration study
estimated with different proteases were similarconcur with research from Cornell University.
in some instances to those obtained by aAlthough short-ter imcubations in ficin did not
standardin situ procedure. However, none Yyield particularly good predidohs of UIP across
replicate dn situ methods consistently. These both forages, the 48-hour incubation at 2.15
results agreewith other reports indicating lack units/ml yielded values reasonably closeih o
of consistency betweein situ methods and vivovalues. The BR methodelgled reasonable
those based on protease enzymes. In contrasialues in some cases for alfalfa but not for
combiningdegradation rates and fractions to prairie hay.
estimate the UIP content yielded UIP estimates
that, for the 6P, BR, and ficin proteases, were In conclusion, single tim-@oint estimates of
similar to those detmined in animalsir( vivo).  UIP using SGP and possibly ficin appear to
have potential for estimirag forage UIP content
The UIP estimates from the AOP enzyme in a commercial setting. The perdial for short-
were significantly larger than those from the term, single time-point assays of forage UIP
other enzy res, as well as those from tinsitu  across a wide array of forages and different
andin vivo methods. We also observed stages of maturity deserves further evaluation.
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Table 1.

by Commercial Protease$ (Experiment 1)

Nitrogen Pool Sizes and Degradability of Alfalfa and Prairie Hay Estimated

ltem In situ SGP AOP Ficin BR SEM
Alfalfa hay
N fractions, % of total N
A 44.8 31.6 30.9 30.2 33.1 .23
B 50.4 45.1 24.6 52.7 51.5 1.08
C 4.8 23.3 445 17.1 15.4 1.09
UIP?, % of crude protein 12.8 30.6 53.2 17.7 16.7 .23
Kd, hour* .16 .16 .05 2.57 1.12 .24
Prairie hay
N fractions, % of total N
A 32.7 24.4 21.1 22.7 20.6 43
B 45.9 25.4 26.1 24.7 24.1 .38
C 21.4 50.2 52.8 52.6 55.3 A7
UIP®, % of crude protein 42.8 54.8 63.7 53.4 56.3 .15
Kd. hour? .04 15 .04 74 .65 .04

8SGP = Streptomyces griseusprotease; AOP =Aspergillus oryzae protease; BR =

bromelain.

®SEM for protease treatments.

‘B and Cfractions estimated using a single-pool kinetic model where B = insoluble potentially
degradable protein fraction and C = undegradable protein fraction; A = (100% - C - B);
undegradable intake prote{UiP) = B x [ K/(K, + K,)] + C where K, = rate of passage (.029 hour
1y and K; = degradation rate of the B fraction.

9In vivo UIP = 16.6 *+ 4.3, % of total protein.

In vivo UIP = 44.5 * 3.5, % of total protein.

Table 2. Effect of Protease Type, Concentration (unite/ml), and Incubation Time on
UIP? Estimates for Alfalfa and Prairie Hay (Experiment 2)
Streptomyces griseus
b
ltem 33 33 33 215 2.15 21°5 5 5 50
——————————————— UIP? estimate, % of total crude protein ---------------
Alfalfa hay”
Incubation time, hour
2 64.0 417 26.6 42.4 23.8 26.6 44.9 27.78 23.6
4 571 324 18.6 34.9 20.4 30.2 349 22.1 217
48 23.2 128 104 18.4 13.9 26.8 185 119 17.8
Prairie hay
Incubation time, hour
2 709 559 516 68.6 60.8 81.5 76.0 66.7 79.1
4 67.6 534 477 66.5 58.9 81.3 72.0 635 73.2
48 50.6 389 30.7 53.8 44.8 57.9 63.0 55.0 59.1

UIP = undegradable intake protein.

Higher enzyme concentrations caused filtration difficulties resulting in unreliable estimates.

n vivo UIP, % of total prote h 46.6 + 4.3. SEM for protease UIP estimates = .81, LSD (P = .052
= 2.28. With hassay CV = 3.42% for first run and 4.04% for second; between assay CV = 6.87%.
“n vivo UIP, % of total protei n#4.5 + 3.5. SEM for protease UIP estimates = .93, LSD (P = .05)
= 2.627. Within ssay CV = 1.48% for first run and 1.77% for second run; between assay CV =
2.82%.
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