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ABSTRACT : Ten multiparous Holstein cows were used in a 105-day continuous feeding trizl o compare soybean meal
{SBM) and alfalfa protein concentrate (APC) as supplemental protein sources for high-producing dairy cows. Dalry cows
with an average milk production of 35.2 kp/day were paired and randomly sssigned w one of the tregiments. A double
reversal design was employed with 35 days per period. The comparisen between treatments was made during the last 21
days of each period,  Experimental diets, containing 60% corn silage and 10% altalta hay.  were formulated o be
isomitrogenous and isoenergetic (crude protein, 15.6%; net energy for lactation, 160 Meal/ky DM Fifty percent of
dietary nitrogen was provided by test proteins,  Animals were fed four times daily. Chromic oxide holuses, 50 g/day were
used 1o estimate digestion coefficients, Ruminal protein degradability in vive (%) and in siti (%) were 56,8, 68.3 and
47.3, 35.3 for 5BM and APC, respectively. Dry matter intake (kp/day) was 19,1 and 18,6 for cows fed SBM and APC,
respectively. Ruminal parameters of cows fod SBM ve APC were: pH. 6.6 vs 6.7; ammonia nitragen (mg/dly, 108 vg 6.2
(P = 0,017 total volanle fary acids (mM), 86,3 v 84.6 (P < 0.05) acetate (%), 508 vi 64.9 (1 < 0011 propronate
(%), 248 v 19,6 (P < 0.01); butyrate (%), 10.7 vy 11.5. Digestion coefficients (%) in cows Ted SBM w APC were:
dry matter, 65.3 ve 61.8; crude protein, 67.6 vs 611 (P < 0.05); neutral detergent fiber, 51,1 v 52,50 acid detergent
fiber, 47,7 v5 49.0. A slightly higher (P> 0.05) amount of milk was produced by cows fed APC (28.6 + 3.5 v 28.2 £
3.8 kg/day). Each additional gram of undegradable intake pratein provided by APC contributed o a S-gram increase in
4% fat-corrected milk production.

P[anl: fractionation process (PFP, Figure 1) has been
considered as a novel approach to producing plant
protein from forage crops. One of the resulting
products, alfalfa protein concentrate (APC) can be
utilized by ruminants, monogastric animals and
humans. Compared with the conventional harvest
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system, PFP is less weather dependent, better in control
of the stage of maturity at harvest, and has a higher
recovery of nutrients from the field. While cell
maceration and pressure fractionation improved the
utilization of pressed fiber by ruminants (Lu er al.,
1979, 1980), heat coagulation and dehydration
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a.m.-p.m. composite milk samples. fn site protein
degradability was determined using the polyester bag
technique and in vivo protein degradability was
determined using dairy cows fitted with ruminal and
intestinal cannulae (Lu er al., 1988).

Data were calculated as D=Y, - 2Y, + Y, where
D is the transformed response variable; Y,, Y, and Y,
are the performance variables in Period 1, 2 and 3,
respectively (Cochran and Cox, 1957). Data were
subjected to analysis of variance using the general
linear models procedure of the Statistical Analysis
Systemn (SAS, 1988).

Results and Discussion

When ruminal components were analyzed (Table
3), the value for NH.-N was higher for SBM than that
for APC (P < 0.01). The values, 10.8 ws. 6.2 mg/dl
were approximately 5 percentage units lower than the
previous study (Lu er al, 1988). However, the
differences between treatments were similar in both
studies. A lower ruminal NH.-N in cows fed APC
suggested lower extent of protein, peptides or amino
acids degradation, because both diets were
isonitrogeneous. The value of total VFA was higher (P
< (3.05) in cows fed SBM than the APC diet. Lower
total VFA concentrations in cows fed APC could be
attributed to lower digestion of organic matter in the
stomach. In a previous study (Lu et al., 1988), cows
fed APC also had a lower (P < 0.05) VFA
concentration in the rumen, When the individual VFA
percentages were compared, cows fed APC had higher
(P < 0.01) acetate and lower (P < (.01} propionate
levels than those fed SBM. The reason for the
difference  in  individual VFA is  not  clear.
However, it can be assumed that the feeding of APC

TABLE 2

Chemical composition of sovbean meal (SBM) and afalfa
protein concentrate (APC)

Ttem SEM APCH
Dew matter, % Re 0 SLA
Crudle protein, %" LR 569
Protein degradability, %

In sine®© i, 3 353

In vivir ok 47.3
Gross energy, Keal/gDM 4.4 4.4
Acid detergent tiber, %" 11.9 1.6

Preserved with 2.5% (W/W) Maoldes (contatning 33% propionic, 10%
acetic, 10% benzoic, and 3% sorhic acids).

"Dry matter basis,

Calculated as Kd/Kr+ Kd; Kd, rae of disappesrance i the rumen; Kr,
rurminal tarm over rate.

TABLE 3

Ruminal components of high- producing dairy cows fed
isonitrogenous and soenergetic diets containing soybean
meal (SBM) or alfalfa protein concentrate (APC)

Item SBM APC SE Significance

[H 0. 0.7 1 NS
Ammena N, mg/dl liv8 f2 1.5 P = 001
Total VEA, mM/1 #6.3 #40 i P o< 0.05
Individoal VFA, %

Aceta R R 1.0 P 0l

Propoonite 248 146 2 P 0

Rurvrar: 1.3 11.5 1.4 NS

could be beneficial for milk far synthesis, because acetic
acid is a precursor of milk fat. In the previous in vivo
study (Lu. er al., 1988) differences were not observed
in the individual VFA distribution between APC and
SBM. The pH and butyrate values for the two
treatments were essentially the same.

Dry mater intake by cows was not different
between treatments. 19.1 vs 18.6 kg/day (Table 4).
Digestion coefficients of dry matter, NDF and ADF
were similar in cows fed APC or SBM. Slightly higher
fiber digestibilities might have contributed to higher
acetic acid concentration in cows fed APC. Crude
protein digestibility was lower (P < 0.05) in cows fed
APC.  This could be attributed to a lower protein
degradation in the rumen. Feed protein degraded in the
stomach was slightly lower in cows fed APC, but
apparent nitrogen digestion in the small intestine was
slightly higher in cows fed APC (Lu er a/., 1988). In
the previous study, apparent nitrogen digestibility in the
total tract was 3 percentage units lower in cows fed
APC. In the present study. the difference was 8
percentage units. [t is apparent that APC is more
resistant to ruminal degradation than SBM, and resulted
im a lower total tract digestion.  There was no
difference in fecal dry matter output between
[reatments.

Milk production was numerically higher in cows
fed APC. The results were less than expected.
Previous studies suggested that approximately 44% of
protein in APC escaped microbial degradation in the
rumen {Lu ef al., 1982a) and approximately 72% of the
amino acids reaching the duodenum was absorbed (Lu
et al., 1983). There is lile doubt that APC is
relatively resistant to microbial degradation in the
rumen.

Undegradable intake protein contributed by APC
was calculated to be 736 g/day compared to SBM of
641 g/day. Numerically, the 95 g/day difference in
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TABLE 4

Dy matter intake and nutrient digestibilities and milk
production of high producing cows fed isonitrogenous
and isonergetic diets confaining soybean meal (SBM) or
alfalfa protein concentrate (APC)

Ttem SBM APC SE Significance
[¥rv matter intake, 19.1 18.6 1.0 NS
kgiday
Dhigestibility, %
ey Matter 633 q1.8 il NS
Crude protein 62.6 541 4.5 P o= 005
Meutral 51.1 52.5 24 NS
detergent
fiber
Acid detergent 47.7 450 4.8 NS
fiber
Fecal dry 6.6 7.1 0.8 NS
matter kg/day
Milk Production NS
Milk kg/day 282 282 il MN&
Fat, % 1.6 3 02 M5
4% FUNM', kg/day 26.5 274 29 ME
Protein, Y 17 3.7 03 Wi

TFCM, fat-corrected milk

UIP contributed to a 500 g/day difference in 4% far-
corrected milk (FCM) production in favor of APC. For
each additional gram of UIP, contributed to a 5-gram
increase in 4% FCM.

In order to achieve a significant difference in milk
production, perhaps more APC should have been
incorporated in the total ration. To accomplish this,
diets containing higher dietary protein concentration
will have to be fed to higher producing dairy cows than
those used in this experiment. Both milk fat and milk
protein contents were identical in both treatments.

Lactation curves of cows fed SBM or APC diets are
presented in Figure 2. These curves are typical for cows
in mid-lactation. At the end of week 5 and 10,
experimental diets were switched according to the

design. With the exception of week 8 to 10, milk
production  was essentially the same between
treatments. Nevertheless, cows fed the APC diet

produced a numerically higher amount of milk at the
end of each period (week 3, 10 and 13).

Conclusions

As evidenced by lower ammonia N and total VFA
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Figure 2. Milk Production curves of dairy cows fed diets
containg alfalfa protein concentrate {APC) or sovbean meal
(SBM)

concentrations in the rumen. APC can be considered a
dietary protein source which is more resistant than SBM
to microbial degration in the rumen. MNumerical
calculation suggests that for each additional gram to
UIP provided by APC, an increase of 5 g of 4% FCM
wis produced. I the PFP is o be considered as an on-
the-farm and one-pass system, all three end products
{pressed fiber, brown juice, and protein concentrate)
should be efficiently utilized. Being less weather
dependent and having higher yvield due (o more cuts of
torage per season, PFP allows dairy farmers to increase
their herd size without subjected to land imitation.
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