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SUMMARY

This study was carried out to determine whether the addition of rumen-
protected Met to ration formulation allowed a reduction in dietary crude
protein (CP) without jeopardizing total milk or milk protein yields.
Twenty-eight multiparous Holstein-Friesian cows, in a commercial dairy
herd, were randomly assigned to the trial. Rations differed in
percentages of CP level (H, 19.3% or L, 16.9%), with or without
supplementation by protected methionine. Milk yield was recorded
individually at each milking and milk samples were taken during the
experimental period. In addition, four digestion trials were conducted on
three cows of each group to evaluate the digestibility coefficients of used
diets using Acid Insoluble Ash technique. No effects of pMet
supplementation or interactions between CP levels and methionine
supplementation were detected on any of the parameters measured for
digestibility coefficients of nutrient. In early lactation stage, milk
production response to pMet supplementation was greater with the low
level of CP diets compared with the high level (2.00 vs. 0.300 kg/d,
respectively). The pMet supplementation by CP level interaction was
significant for protein concentration, while it was not significant for fat
and lactose concentration during early and mid lactation period. Every
one percentage unit increase in dietary CP above 16.9%, MUN
concentrations were, in average, increased 2.2, 2.0, and 1.6 mg/dl in
early, mid, and late lactation, respectively. The feed and N utilization
efficiencies were improved by feeding low CP diets supplemented with
pMet in early lactation. Cows fed diets reduced in CP level had a
reduction in cost of feed per kg milk in various stages of lactation. In
early lactation stage, feeding diets supplemented with pMet reduced the
cost of feed per kg milk by 0.04 L.E. It could be concluded that, a
reduction in dietary protein to 16.9% and supplemented with protected
AA, particularly the first limiting AA, is an acceptable new nutritional
strategy for improving productive performance in dairy cattle and may
be used as an approach for reformulating lactating cows rations based on
AA profile rather than CP as simple or metabolizable protein. This
strategy, with prevailing feed prices, could be compatible with
maximum profit and a moderate amount of nitrogen excretion to the
environment.
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INTRODUCTION

Overfeeding of CP to obtain maximum milk yield is common in
the dairy industry today, increasing feed cost, decreasing the efficiency
of nutrient utilization (Tamminga, 1992), and contributing to higher
levels of N in the waste (St-Pierre and Thraen, 1999). Dairy cattle
secrete roughly 25 to 35% of the N consumed as milk N, and almost all
the remaining N is excreted in urine and feces (Chase, 1994). Most
urinary N is excreted as urea (Broderick, 2003) and may be lost as
ammonia into the environment (Van Horn ef al., 1994). In Egypt, many
of the applied strategies for meeting the nutritional requirements of high
producing dairy cows may lead to feed diets with CP in excess. Dairy
producers often feed CP over recommendations of NRC to early
postpartum cows for higher milk peak. Close management of dietary
protein is needed to maximize profits and to minimize risk of
environmental damage caused by excessive nitrogen excretion in urine
and feces. One possible way of reducing urinary N excretion is by
reducing the amount of dietary CP fed to the cow. Decreasing dietary CP
from 18.4 to 15.1% linearly decreased urinary N expressed as grams per
day or as a percentage of N intake (Broderick, 2003). Unfortunately,
dietary CP reduction also decreased milk production by 1.1 K/d
(Broderick, 2003) and milk protein yield by nearly 100g/d (Kalscheur et
al., 1999).

Methionine has been reported to be the first —limiting AA for
milk yield and milk protein production (Bach et al., 2000). Under the
assumption that dairy cattle require a certain amount of duodenal
methionine to maximize production, the primary objective of this
experiment was to verify the hypothesis that a lower protein diet with
supplemented methionine would support milk and milk protein
production as much as a higher CP diet.

In an experiment where treatments comprised two levels of CP
high (19.3%) or low (16.9%) with or without protected methionine
addition (by a dose designated to compensate the theoretically calculated
deficiency level of methionine resulting from reducing dietary CP), the
hypothesis would be supported by an interaction with supplemental
methionine, improving performance and efficiency of the lower CP diet
with less effect on the higher CP diet.
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MATERIALS and METHODS

Experimental design and treatments

Twenty-eight multiparous lactating Holstein-Friesian cows were
used in the study. The cows were housed in a free-stall barn belong to
El-Mansoura for Agriculture Development Dairy Farm. The cows were
20 =3 days post-calving and blocked into four similar groups, based on
parity, average daily milk yield from the 7™ through the 20% day of
lactation. Cows were randomly assigned to one of four treatments.
Group 1 (16.9B): received low CP level (16.9% on DM basis) diet,
group 2 (16.9M): received low CP level (16.9% on DM basis) diet
supplemented with pMet, group 3 (19.3B): received high CP level
(19.3% on DM basis) diet and group 4 (19.3M): received high CP level
(19.3% on DM basis) diet supplemented with pMet. The trial lasted for
220 days as experimental period.

Chemical compositions of feedstuffs (Table 1) of the
experimental rations (barseem, corn silage, cottonseed meal;
decorticated, soybean meal, wheat bran, and calcium soap of FA’s) were
analyzed according to A.O.A.C. (1984). Cows were fed Total Mixed
Ration (TMR), ad libitum, (Table 2) that was based on a good quality of
corn silage and soybean meal. The offered feed was calculated daily
based on the weight of the refusals during the previous day
(approximately 5% of the offered feed), which were measured each
morning. Equal portions of the rations were fed at 0800, 1400, and 1700
h. The CP level was regulated by the concentrates, mostly SBM and
cottonseed meal.

The NRC (2001) software was used to calculate the required
amount of protected methionine (pMet) to be added and compensate
partially the theoretically calculated deficiency level of methionine
resulting from reducing dietary CP to the level 16.9% CP.

Protected Methionine (Smartamine M, 78% post-ruminally
release of Met, Adisseo animal nutrition, France) supplementation to
TMR at a rate of 12 g/cow/d was top-dressed and then mixed by hand
into the TMR for each cow once daily at morning offered portion of
TMR to ensure that the protective coats of Smartamine M was not
destroyed by mechanical mixing.

All cows were milked three times daily. Milk yield was recorded
individually at each milking for three days per week. Daily and weekly
milk yield averages were calculated for each cow. The periods from wk
3 to 12 and from wk 13 to 21 were considered as the early and mid stage
of lactation, respectively.
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Sampling

The TMR was routinely sampled once biweekly for each diet,
composited monthly, and frozen for later analysis of 3-mo pooled
samples. Milk samples were collected at each milking from all tested
cows at wk 3, 8, 12, and 18 of lactation. Samples of different milkings of
the day were composited and preserved using potassium dichromate
until analyzed for TS, SNF, lactose, protein, and fat by infrared analysis
with a Fossmatic, Milk Scan System (Foss Electric, Hillered, Denmark)
and urea N (MUN) using a colorimetric procedure (Crocker, 1967).
Digestion trials

At wk 18 of lactation period, four digestion trials were conducted
on three cows of each group to evaluate the nutrient digestibility
coefficient of used diets. The previous period of the study was
considered as a preliminary period, followed by eight days as a
collection period. Feed intake was individually recorded; Feces samples
were collected directly from the rectum twice daily. The collected
amount of feces was thoroughly mixed, and a sample was frozen for
chemical analysis. Acid Insoluble Ash (AIA) technique was used as an
internal marker to measure the digestibility coefficients of used diets and
was determined according to Van Keulen and Young (1977). Proximate
chemical analysis of TMR and feces samples were carried out for dry
matter (DM), crude protein (CP), crude fiber (CF) and ash according to
the standard methods outlined by A.O.A.C. (1984). Acid ether extract
(AEE) in calcium soap of FA's, TMR, and feces were determined by
modified method, as was described by (Abo-Donia ef al. 2003).
Calculation and Statistical analysis:
The N utilization efficiency was calculated as follows:
The N utilization efficiency = Milk N (kg) /feed N (kg) x 100
Milk N (kg) = (average milk yield, kg x (milk protein %/100))/ 6.38
Feed N (kg) = (average DMI x (CP % in the ration/100))/ 6.25

The crude protein in milk has a different multiplier (N x 6.38)
than in feed (N x 6.25) because milk protein contains a different
proportion of N (15.7%), while in feed about 16%.
The cost of feed per 1 kg milk was calculated based on the following:
Cost of pMet (L.E./day) = 0.13 (L.E./1g) x 12 (g/cow/ day) = 1.56 L.E./
cow/ day
Cost of pMet/1kg DM = Cost of pMet (L.E./day)/ average DMI (kg) for
each group
Cost of 1kg dry matter = 1.55 L.E. for high dietary CP level and 1.35
L.E. for low dietary crude protein level (calculated based on farm data).
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The data obtained were statistically analyzed using SAS
computer program (SAS, 1996).

The following mode was used for analyzing data of daily average
milk yield, contents and yields of milk total solids (TS), solids not fat
(SNF), lactose, protein, and fat, milk urea nitrogen (MUN)
concentration, and digestibility coefficients of nutriént through the
studied period:

Yu=p+Pi+ Sj a5 PS,'J' + Sijk
Where:p = overall mean,
P; = effect of the 1" CP level and i= 1(low CP level) or 2 (high CP level),
Si= effect of j J~ pMet supplementation where j= 1(non-supplemented) or
2 (supplemented)
PS;; = the interaction between CP level and pMet supplementation,
ejjk = common error term

The differences among means were tested using Duncan's

(Duncan, 1955) Multiple Range Test.

RESULTS

The apparent digestibility coefficients of nutrients, except for EE,
(Table 3) was reduced (P <0.01) for cows fed diet with low CP
compared with those fed diet with high CP. No effects of pMet
supplementation or interactions between CP levels and methionine
supplementation were detected on any of the parameters measured for
digestibility coefficient of nutrients.

Cows fed diet (16.9% CP) supplemented with pMet (16.9M)
produced daily milk yield numerically higher than those fed high level
of crude protein without (19.3B) or with (19.3M) pMet during early,
Mid, and late lactation (33.7 vs. 33.1 and 33.4, 38.7 vs. 38.3 and 38.6,
23.5 vs.23.2 and 22.9 kg/d, respectively, Tables 4, 5, and 6).

As indicated in Tables 4, 5, and 6 pMet supplementation
significantly (P<0.01) increased daily milk yield in early lactation
period, but in mid or late stage of lactation it did not; as similar as CP
level did. It is worthy noting also that the production response to pMet
supplementation was greater with the low level of CP diets compared
with the high level (2.00 vs. 0.300 Kg/ d, respectively). Milk protein
percentages (Tables 4, 5, and 6) were similar in groups 16.9M and 19.3B
through the different stages (early, mid, and late) of lactation (2.7, 2.6,
and 2.7, respectively). Supplementing the basal diets of lactating cows
with pMet increased (P<0.01) percentage of protein in milk. Moreover,
responses were consistent across dietary CP level (CP x pMet
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interaction, P<0.05). Supplementing 19.3B or 16.9B with pMet
increased milk protein content 0.2 percentage unit. As shown in Tables
4, 5, and 6, pMet supplementation of the basal diets had no effect on
milk fat content during the early and mid stage of lactation. In the late
stage of lactation, adding pMet to 16.9B or 19.3B increased (P<0.01)
milk fat content. No differences across treatments were detected in
: percentage of lactose throughout the full lactation. The percentages of
TS and SNF in milk were significantly increased (P<0.01) by pMet
supplementation in mid and late lactation.
The present results (Table 4, 5, and 6) indicated that for every
one percentage unit increase in dietary CP above 16.9%, MUN
v concentrations were, in average, increased 2.2, 2.0, and 1.6 mg/dl in
early, mid, and late lactation, respectively.
Table 7 shows that the feed efficiency (average kilograms of milk
‘ per average kilograms of dry matter intake) was improved by feeding
diets supplemented with pMet in early lactation. Furthermore, the
highest value of feed efficiency (1.48) was recorded in group 2 (16.3M).
N utilization efficiency was improved by feeding diets supplemented
with pMet (in various stages of lactation). However, it is worthy noting
that the rate of improvement in N utilization efficiency was a diminished
response by advance in days in milk, given its highest value in early
lactation and the lowest value was recorded in late stage of lactation. The
cost of feed per kg milk was reduced by 0.04 L.E. in cows fed diets
supplemented with pMet at early stage of lactation.

Table 1: Chemical composition of feedstuffs

Chemical analysis
Posstus DM __OM__CP___CF___AEE___NFE__ Ash
. b ] seeeessarand % Of DM =-mmceemamemeee

Barseem 21.72 9052 10.68 11.46 0.78 67.59 948
Corn silage 3433 8995 935 33.56 3.06 4398 10.05
Corn grain, dry 88.00 9882 875 261 432 83.14 1.18
Cottonseed meal, decort. 00.00 91.00 4741 10.11 5.56 2792 9.00
Soybean meal, 44% CP 87.00 9253 5057 839 1.72 31.84 747
Wheat bran 88.00 9318 13.65 1250 455 6249 6.82
Calcium soaps of FA's* 97.00 82.51 - - 82.51* - 17.49

Di-calsium phosphate 97.00 - -- -- -- -- -

Limestone, ground 94.10 -- - - - - -

L Salt 94.02 - -- - - - -

Sodium bicarbonate _ 95.01 - -- - - & i

Vitamin & mineral premix 97.63 - - -- -- -- -

*EE in Calcium soap of FA’s was determined as Acid Ether Extract (AEE).
Chemical compositions of Di-calcium phosphate, Limestone, Salt, Sodium bicarbonate, and Vitamin &
mineral premix were cited from NRC, 2001.
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Table 6: Effects of crude protein level and methionine supplementation

on milk yield and its composition in late lactation.

Dietary treatments’
16.9%CP 19.3%CP Effect (P- value)
Ttem 169B | 169M | 153B | 193M | CP Met | CPx Mzt

Milk yield, Kg/ d 23.4 235 232 229 | 0580 | 0.695 0.226
Milk composition, %

Protein 2.5 2.7 27 2.9 | 0.0001 | 0.0001 0.738

Fat 36 3.7 2.7 3.7 0.0001 | 0.0001 | 0.0001

Lactose 45 4.6 4.6 4.6 0.861 | 0614 0.871

Total Solids (TS) 1i.9 12.1 122 124 | 0.0001 | 0.0001 0.850

Solids Not Fat (SNF) 83 8.4 95 957 0.0001 | 0.0001 0.866
Milk component, g/ d

Protein 585.0 | 6345 | 6264 | 664.1 | 0.0001 | 0.0001 0.673

Fat 8424 | 869.5 | 6264 | 8473 | 0.0001 | 0.0001 | 0.0001

Lactose 1053.0 | 1081.0 | 10672 | 1053.1 | 0458 | 0.669 0.805

Total Solids (TS) 2784.6 | 2843.5 | 28304 | 28396 | 0.021 | 0371 0.752

Solids Not Fat (SNF) 19422 | 19740 | 2204.0 | 19923 | 0.010 | 0.198 0.786

MUN?, mg/ di 8.8 18.0 226 22.0 | 0.0001 | 0.0001 { 0311

"Treatments:16.9B = Basal diet (16.9%CP)

(19.3%CP); 19.3M= Basal (19.3%CP) + pMet.
MUN= Milk Urea Nitrogen.
*Effect: CP = main effect of CP; Met = main effect of methionine; CP x methionine interaction.

; 16.9M = Basal diet (16.9%CP) + pMet; 19.3B= Basal

Table 7: Feed and economical efficiencies for various groups of

cCoOws**,
Group pMet CP level
Item
i 2 3 4 0 1 H P
DMI (kg/ d) 27 228 225 229 226 29 228 21
Early | Milk (kg)/ kg DMI 1.40 1.48 147 1.46 1.36 1.47 1.46 1.44
N utilization efficiency 2024 23.13 20.16 21.47 184 225 19.6 213
Cost of feed/ kg milk 0.96 0.96 1.0 111 1.07 1.03 1.09 096
DMI (kg/ d) 235 239 24.0 238 238 239 237 239
- Milk (kg)/ kg DMI 163 1.62 1.60 1.62 1.61 1.62 1.62 161
N utilization efficiency 23.56 24.40 21.06 23.05 239 244 25.0 233
Cost of feed/ kg milk 083 0.87 0.97 0.99 0.90 094 098 0.86
DMI (kg/ d) 182 18.1 179 184 183 181 182 182
Late | Milk (kg)/ kg DMI 1.29 1.30 130 124 1.27 128 129 127
N utilization efficiency 18.63 20.32 17.76 18.32 19.1 203 20.0 194
Cost of feed/ kg milk 1.05 1.10 1.19 131 114 1.18 1.22 109

** Group 1: received low CP level (16.9% on DM basis) diet non-supplemented with pMet,
Group 2: received as that of group 1 diet, but supplemented with pMet,

Group 3: received high CP level (19.3% on DM basis) diet non-supplemented with pMet,

Group 4: received as that of group 1 diet, but supplemented with pMet,
O= nonsuplemented, 1= supplemented, H=high CP level and L=low CP level.
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DISCUSSION

Apparent Digestibility of Nutrients

This study showed that, except for EE, digestibility coefficients
of nutrients was significantly improved by increasing dietary CP diet. Ha
and Kenelly (1984) have suggested that higher apparent digestibility of
DM and CP at higher dietary CP concentrations result from a
combination of improved microbial fermentation and greater digestion in
the gastrointestinal tract. Supplementation of pMet had no effect on
digestibility coefficient of nutrients. These results are consistent with
those reported by Vazquez-Anon et al. (2001), who reported no
improvement was observed in nutrient digestibility when liquid
methionine was added to the diet. In agreement with these results, Blum
et al. (1999) reported that supplementation with different types of pMet
did not affect nutritive value.

Lactation Responses

Supplementation of pMet increased daily milk yield mainly in
early lactation period, as similar as high CP level did. This may be
attributed to the challenge in diet formulation in achieving the desired
concentration of methionine by relying solely on feed protein
supplements during early lactation period; the period in which dry matter
intake is relatively low and the level of milk production progressively
increases. In agreement with the results of this study, others have noted
that Met was limiting for milk yield, especially in early lactation cows
(Samuelson et al., 2001; Noftsger and St. Pierre, 2003). However, the
present finding disagrees with previous reports (Leonardi ef al., 2003)
that have reported a lack of significant effect of pMet supplementation
on milk production, especially when corn silage in the ration was the
main forage. Possible explanations for these inconsistent responses are
the variable doses used in the studies, the strategies that by which pMet
was used, the quantity of CP in the diet, the nature of the supplemental
protein source, particularly its AA contents, and the level of milk
production.

The production response to pMet supplementation was greater
with the low level of CP diets. This finding agrees with that reported by
NRC (2001). Who concluded from a number of reviews that production
response to pMet supplementation were greater when CP level
approximates the normal levels (14 to 18 percent) than when it was
lower or higher.
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Supplementing the diet of low CP level with pMet increased milk
protein percentage to the same level produced from cows fed diet with
high CP level. These results are similar to those reported by both of
Misciattelli ez al., (2003), Socha er al., (2005). According to these
authors, pMet supplementation increased milk protein content during
early- and mid-lactation when the main source of protein was soybean
meal. During early and mid lactation, cows have a greater demand for
Met to meet the demands of high milk yield and, consequently, the
dietary Met content is expected to be deficient in the low level CP diet,
but in late lactation, these demands decline as milk yield decreases. So,
added Met might partially compensated the shortage of dietary Met
resulting from decreasing CP level in the diet during early and mid
lactation, whereas it had no revenue when was supplemented to the low
CP diet in late lactation that might be originally sufficient in Met
content. Literature summaries confirm that responses to postruminal
lysine (Lys.) and methionine (Met.) supplementation are greater when
basal levels of Lys and Met in Rumen undegradable protein (RUP) are
low rather than high, when cows are in early rather than mid or late
lactation, and in high- producing cows rather than low producing cows
(Rulquin and Verite, 1993; NRC, 2001). pMet supplementation had no
effect on milk fat and lactose content during the early and mid stage of
lactation. These results are in consistent with those reported in most
researches (Pacheco-Rios er al, 1999; Leonardi er al., 2003). The
increases in TS content observed during mid and late lactation are
mainly attributed to the increases in milk fat and protein concentrations
during those periods, while that observed in SNF percentage may be due
to the increase in milk protein content.

Cows fed high CP diets had greater concentrations of milk urea
nitrogen (MUN) and plasma urea nitrogen (PUN; data not shown),
probably due to the higher N intake on the diet. Similar results were
reported by Leonardi ef al. (2003), who found an increase of 3.8 mg/ dl
of milk urea nitrogen when dietary protein increased by 2.7-percentage
unites. Hutjens and Barmore (1995) suggested that MUN in the range of
12 to 17 mg/dl would indicate optimal balance of RDP and ruminally
fermentable energy. Therefore, elevated MUN above the upper level of
this range may indicate excess protein has been fed to the dairy cow for
her given level of production (Jonker e al., 1998). Others have also
noted that MUN had a positive relationship with levels of dietary CP
(Frank and Swenson, 2002) and dietary CP content was the best single
predictor of MUN (Nousiainen er al, 2004). The primary field
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application of these results is that elevated MUN, above target levels,
would indicate that excess protein is being consumed. Reformulating the
diet with a lower protein concentration could reduce MUN
concentration.

Feed efficiency:

Feed efficiency is a measure of how well cows convert the
nutrients they eat into products. In the current study, the feed efficiency
was determined as milk (Kg) / dry matter intake (Kg), milk nitrogen/
intake nitrogen, and cost of feed per kg milk. Supplementing the diet of
low CP level with pMet improved the feed efficiency. The N utilization
efficiency gives an index of feed protein utilization, and should likely go
in the opposite direction that MUN values go. N utilization efficiency
was improved by feeding diets supplemented with pMet. Which may
indicate that feeding dietary CP level close to NRC recommendations
and supported with adjusted amount of pMet is an acceptable nutritional
strategy for improving feed efficiency and N utilization efficiency in
dairy cattle. The cost of feed per kg milk was reduced in cows fed diets
supplemented with pMet at early stage of lactation, but in mid and late
stage of lactation it increased by the same value, which may indicate that
the supplementation of pMet is profitable in early lactation, but not
profitable in mid or late stage of lactation. Although, increasing of
dietary CP level increased milk production in the current study, cows fed
diets reduced in CP level had a reduction in cost of feed per kg milk in
various stages of lactation. This may indicate that the point of maximum
profitability is likely to be at a dietary protein concentration below that
needed for maximum milk production.

Collecting all the results together, Cows receiving 16.9% CP plus
pMet (16.9M), consumed the same amount of DM, produced
numerically more average daily milk, same milk protein content,
reduced in cost of feed per kg milk in various stages of lactation and
converted dietary N to milk N with a higher gross efficiency when
compared to cows receiving 19.3% CP. These results suggested that
16.9M were similar, if not superior, in nutritive value to 19.3B.

In conclusion, the results obtained in the present study indicate
that close management of dietary protein is needed to maximize profits.
Furthermore, feeding dietary CP lowered to the level that achieves the
optimal concentration of MUN with supplementation of pMet to
compensate for low dietary CP level, as that in group 2, (16.9M)
improved feed and N utilization efficiencies and reduced the cost of feed
per kg milk. It could be an acceptable new nutritional strategy for
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improving productive performance and may be used as an approach for
reformulating lactating cows rations based on AA profile rather than CP
as simple or metabolizable protein.
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