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ABSTRACT

Thirty Friesian cows were used after calving immediately to
study the effect of dietary phosphorus levels on their productive
and reproductive performances. Cows in the first group (control)
were fed on a basal ration (R1) consisted of 40 % concentrate
mixture (CM), 40 % bersecem (B) and 20 % rice straw (RS), which
provide caicium (Ca) and phosphorus (P) contents of 0.80 and 0.36
% on DM basis, respectively. For the other two groups (R2 and
R3), cows were fed the basal ration with 50 and 100 g monosodium
phosphate supplementation to provide 12.5 and 25.0 g P per cow
daily and dietary P contents of 0.43 and 0.51% on DM basis,
respectively.,

Cows fed R2 (contained 0.43% P) had the highest nutrients
digestion coefficients, nutritive values and also the intake of DM,
TDN and DCP. The concentration of ruminal TVFA’s increased,
but pH value and NH3-N concentration significantly decreased
(P<0.05) with increasing dietary phosphorus level.

The concentrations of total protein, albumin, globulin and
total lipids and the activity of AST and ALT in blood plasma of the
lactating cows significantly increased (P<0.05) with increasing
dietary phosphorus level and fall within the normal levels of
healthy lactating cattle.

Cows fed R2 (contained 0.43% P) recorded the highest
milk yield, 4% fat corrected milk, fat, protein, lactose, total solids
and solids not fat in milk (P<0.05). The contents of fat, protein,
lactose, total solids, solid not fat and ash in milk increased
significantly (P<0.05) with increasing dietary phosphorus level.
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Cows fed R2 (contained 0.43% P) had the highest feed and
economic efficiency {P<0.05). o
Phosphorus  supplémentation  improved  reproductive
performance of cows fed R2, which recorded the short periods
from calving to the first estrus and time first insemination, and days
open and the lower number of insemination per service and the
highest conception rate entire the first 90 and 120 days of lactation,
Cows fed R3 (contained 0.51% P) recorded the short period from
calving to the second insemnination and the highest conception rate
at the second artificial insemination and entire the first 150 days of
lactation.
Key words: Phosphorus supplementation, lactating Friesian cows,
productive and reproductive performance.

INTRODUCTION

Minerals are essential for the proper functioning of the
animal and a problem arises when the feed does not supply enough
to meet the animal’s requirements. This may occur because the
feed is low in minerals, the availability of the mineral is low, or
another nutrient is interfering with the ability of the animal to
absorb or utilize the mineral. A time factor is usually involved, it
may take from weeks to several months of a mineral deficient diet
before any negative effects occur. The animal may have sufficient
body stores of the mineral to withstand a short period on a mineral
deficient diet. Also, the efficiency of extraction or utilization of the
deficient mineral fnay improve when the mineral is in short supply
in the food (Malmberg ef al., 2003).

The following data are required if recommmendations
concerning phosphorus supply to farm animals are to be derived by
use of the factorial approach: a) the respective concentrations of P
in the different products such as conceptus, gain in body mass and
milk. b) the inevitable losses of P from the body and c¢) the
availability of dietary P, which is the maximum possible proportion
of dietary P that can balance out the drain from the body caused by
a and b (Muschen ef al., 1988).

Phosphorus is the second most abundant mineral element
found in the animal body. Phosphorus is present in all common
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fecdstuffs, seeds are uniformly higher in P than in roughages. Seed
by-products, such as wheat bran and oil meals are especially rnich in
P. Phosphorus is probably the most expensive mineral added in
animal diets in relation to quantity required, whereas Ca is
relatively cheap. Because of this price relationship, there is a
tendency to feed excess Ca and to feed P to meet needs of the
amimals. However, results in the literature continue to support the
need for maintaining a proper Ca: P ratio. Higher levels of both
cane be tolerated by most species if the proper Ca: P ratio is
maintained (McDowell, 1992). For grazing livestock, the most
prevalent mineral element deficiency throughout the world is lake
of P. Sings of P deficiencies are weight loss, reduced miik
production, failure reproductive, limiting rumen microbial activity
and reduces microbial protein syntheses (Ternouth, 1991).

The objective of this work was to investigate the effect of
dietary phosphorus supplementation on productive and
reproductive performance of lactating Friesian cows fed rations
containing berseem in winter season.

MATERIALS AND METHODS

The current work was carried out during the period from the
beginning of January to the end of May, 2003 at Sakha.Animal
Production Research. Station, Animal Production Research
Institute, Agricultural Research Center, Ministry of Agriculture.
Thirty Friesian cows with average body weight of 500 * 0.17 kg
were assigned randomly immediately after calving to three similar
groups (10 in each) according to body weight, scason of lactation
and the production of the previous lactation. Cows in the first group
(control) were fed on a basal ration (R1), which consisted of 40 %
concentrate mixture (CM), 40 % berseem (B) and 20 % rice straw
(RS), which provide calcium (Ca) and phosphorus (P) contents of
0.80 and 0.36 % on DM basis, respectively. For the other two
groups (R2 and R3), cows were fed the basal ration along with 50
and 100 g monosodium phosphate (contained 25 % P)
supplementation to provide 12.5 and 25.0 g P per cow daily (0.07

and 0.15% of DM) and dietary P contents of 0.43 and 0.51% on
DM basis, respectively. )
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Chemical composition of tested feedstuffs and basal ration
are presented in Table (1). Concentrate mixture consisted of 32%
undecorticated cottonseed cake, 20% wheat bran, 25% yellow com,
12%% rice bran, 5% linseed cake, 5% molasses, 2% limestone and
1% common salt.

Table 1: Chemical composition of the tesled feedstuffs and basal
ration.

Ltems DM Composition of DM % ]

% |OM CP CF EE NE Ash Ca P
Concentrate mixture 90.75 | 9140 1635 1315 342 48 BOH 055 060
Berseem 1645 | 860 160 2490 280 410 BH 135 025
Rice straw 89.30 | M85 25 310 174 906 1515 020 010
Basal ration (R1) . | 3230 | 8801 1367 218 281 4% 119 08 036

The cows were fed individually to cover the recommended
requircments according to NRC (1989) allowances for dairy cattle.
Concentrate mixture (CM) was fed nearly at two equal meals at §
a.m. and 3 p.m., berseem (B) once daily at 10 a.m. and rice straw
(RS) at 4 p.m. Cows were watered three times daily.

Three digestibility trails were conducted during the feeding
trail using 9 cows (3 each). Cows were chosed randomly from the
experimental groups to determine nutrients digestibility coefficients
and nutritive values of the experimental rations using acid insoluble
ash as a natural marker (Van Keulen and Young, 1977). Nutrients
digestion coefficients were calculated from the equations stated by
Schnider and Flatt (1975). During the digestibility trails, cows were
itd their normal allowances for 15 days as a preliminary period
followed by 7 days collection period. Samples of concentrale
mixture, berseem and rice straw were taken at the beginning, middlc
and end of digestibility trail. Feces samples were taken from the
rectum of each cow twice daily with 12 hours interval during the
collection period. The samples of feedstuffs and feces were
composted and representative samples were dried in a forced air
oven at 65 °C for 48 hours, ground and then chemically analyzed o
determune DM, CP, CF, EE and ash according 10 AOAC (1990).
Calcium content of tested feedstuffs was determined by Atomic
Absorption Spectrophoiometer (Perkin Elmer 2380). Phosphorus
was determined using Spectrophotometer (Milton Roy Company



J. Agric. Res. Tanta Univ., 30(3) 2004 546

Spectronic 20 D). Nutrients digestion coefficients were calculated
from the equations stated by Schnider and Flatt (1975).

AlA% in feed
DM digestibility (%) =100 — [100X 1

ATA% in faeces

Nutrient digestibility (%) =

Al A% mn feed nutrient % in faeces
100 -[100 X X -
AlA% in faeces nutrient % in feed

Daily milk production was recorded individually and
corrected for 4% fat content {FCM) using the formula of Gains
(1928) as follows:

4% FCM =[ 0.4 x milk yield (kg)] + [15 x fat yield (kg)].

Milk samgples from the consecutive evening and morning
milking were taken every week throughout the experimental
period. Milk fat, protein, lactose and total solids were determined
using Milko-Scan (133B. Foss Electric). Solid not fat and ash were
determined by the difference. Milk fat and protein reanalyzed by
Garber’s and macrokjeldahle methods as described by Ling (1963).

Rumen liquor samples were taken monthly from the same
cows of the digestibility trials (3 cows of each group) after 3 hours
from the morning feeding using stomach tube and filtered through
double layers of cheesecloth. The pH value was determined
immediately using Orian 680 digital pH meter. The concentration
of ammonia-N was determined using saturated solution of
magnesium oxide distillation according to the method of AOAC
{(1990). The concentration of TVFA’s was determined in rumen
liquor by the steam distillation method dccording to Warner (1964},

Blood samples were taken monthly from the jugular vein of
the cows by clean sterile needle into clean dry glass tubes using
heparin as an anticoagulant, centrifuged for 15 minutes at 4000
r.p.m. to obtain plasma, which was analyzed calorimetrically for
total protein, albumin, globulin (by the difference), total lipids,
AST and ALT using commercial diagnostic kits (Test
Combination, Pasteur Lab.).

I"eed efficiency was calculated as the amounts of DM, TDN
and DCP per kg 4% fat corrected milk. Economic efficiency of
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milk production was calculated as the ratio between the income of

4% fat corrected milk production and the cost of feed consumption
as follows:

Economic efficiency = Income of 4% fat corrected milk production
/ Cost of feed consumption

Where the price of 1 ton was 1000 LE for 4% fat corrected
milk, 700 LE for concentrate mixture, 60 LE for fresh berseem, 50
LE for rice straw and 6 LE per kg of monosodium phosphate
during the period from the beginning of January to the end of May,
2003.

Reproductive parameters as the penods from calving to the
1¥* postpartum estrus, 1% and 2™ insemination, conception rate for
1% and 2™ insemination, number of insemination per service, days
open and conception rate during the first ©0, 120 and 150 days of
lactation were recorded.

The data were statistically analyzed using general linear
models procedure adapted by SPSS (1999)
one-way ANOVA.

RESULTS AND DISCUSSION

Phosphorus supplementation at the rate of 0.07% mmproved
nutrients digestion and nutritive values of tested rations (Table 2).
The digestion coefficients of DM, OM, CP, CF, EE and NFE and
subsequently TDN and DCP values for R2 (contained 0.43% P)
were significantly higher (P<0.05) compared with basal diet
contained 0.36% P (without P supplemecntation). Phosphorus
supplementation at the rate of 0.15% did not significantly
mfluenced (P>0.05) the digestion coefficients and nutritive value,
which the differences in the digestion coefficients and nutritive
value between R3 (cortained 0.51% P) and basal diet were not
significant (P>0.05). These results are in accordance with those
obtained by Breves and Schroder (1991) who found that
phosphorus is required by ruminal microorganisms for digestion of
cellulose and synthesis of microbial protein. Durand and
Komisarczuk (1988) recommended that availuble phosphorus
within the rumen should be at least 5 g / kg of organic matter
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digesied to optimize degradation of cell walls from feeds by

microbes,

Table 2: Effect of phosphorus supplementation on nutrients

digestion and nutritive values of experimental rations.

Ttems Experimental rations
R1 R2 R3 SE

Digestion coefficients %

DM 63.90°  64.85°  6447" 0.17
OM 64.75°  65.80° 6546 0.18
CP 62.60° 6425  63.40®° 0.13
CF 58.50° 6036  59.60® 0.15
EE 74.80°  76.55°  75.75%  0.14
NFE 72.60°  7440° 7350  0.16
Nutritive values %

TDN 62.15°  63.79°  63.01°® 0.13
DCP 8.56° 8.78" 8.67°  0.02

a and b: Values in the same row with different superscripts differ
significantly (P<0.05).

Table 3: Effect of phosphorus supplementation on average daily
feed intake of lactating Friesian cows.

liems Experimental rations

) R1 R2 R3 SE |
Feedstuffs intake (as fed)
Concentrate mixture (kg) 7.23* 767 740  0.03
Berseem (kg) 39.88° 42.31* 40.85® 0.18
Rice straw (kg) 3.67°  390°  3.76®  0.02
Monosodium phosphate (g) - 50 100 -
DM (kg) 16.40°  17.45° 1690 0.20
TDN (kg) 10.19° 1113 10.65° 0.11
DCP (kg) 1.40°  1.53* 146" 00}
Ca(g) 131.20° 139.60° 135.20° 0.64
P (g) 59.04°  75.04°  86.19° 207 |-

| Ca : P ratio 222:1° 1.86:1" 1.57:1° 0,05

J .

a. b and ¢: Values in the same row with different superscripts differ

significantly (P<0.05).
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Average daily feed intake by lactating cows fed basal ration
with or without phosphorus supplementation are illustrated in Table
(3). The intake of concentrate mixture, fresh berseem, rice straw
and DM by cows fed R2 was significantly higher (P<0.05) than for
those fed basal diet. However, there were no significant differences
between cows fed R1 and R3 or those fed R2 and R3. moreover,
cows fed R2 recorded significantly (P<0.05) the highest intake
TDN, CP, DCP and calcium followed by those fed R3, while those
in control group fed R1 had the lowest values. These results are in
accordance with those obtained by Carstairs ef af. (1981) and Wu et
al. (2000) they found that DM intake by cows during early lactation
were maximized with 0.40 to 0.42% dietary phosphorus and greater
concentrations (0.50 to 0.52% P) did not increase DM intake.

Rumen liquor parameters of lactating Friesian cows as
shown in Table 4 revealed that the concentration of TVFA’s
increased, but pH value and NH;-N concentration decreased
significantly (P<0.05) with the high dietary phosphorus level. The
depression of ruminal pH value and ammonia-N concentration with
the rise in VFA concentration with high phosphorus
supplementation may be attributed to that phosphorus is essential
for proper functioning of rumen microorganisms, which is required
by ruminal microorganisms for fermentation and utilization of
ammonia-N to synthesis microbial protein as reported by Breves
and Schroder (1991). Komisarczuk er al. (1987) found that the
reduction in phosphorus intake resulted in a significant reduction in
total VFA accompanied by a rise in pH and progressively fell in
ammonia-N. In spite of, cows fed R3 (0.15% P supplementation)
had the higher ruminal TVFA’s concentration, it recorded the lower
digestion coefficients and subsequently nutritive values compared
with cows fed R2 (0.07% P supplementation) as shown previously
in Table (2). These results might be attributed to that high
phosphorus  supplementation rtesulted in mild diarrhea and
abdominal distress (Challa et al., 1989).

The concentrations of total proteins, albumin, globulin and
total lipids and the activity of AST and ALT increased significantly
(P<0.05) in blood plasma of the lactating cows with the high
dietary phosphorus level (Table 4). These results are in accordance
with those obtained by Mehany (1999) who reported that blood
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plasma constituents increased which mineral supplementation.
Phosphorus is involved in almost every aspect of feed metabolism
and utilization of fat, carbohydrate, protein and other nutrients in
the body (Miller, 1983). In general both the biochemical
parameters and enzymes activities fall within the normal levels of
healthy lactating cattle and the hepatic function associated with the
energy metabolism and seems to be not affected by phosphorus
supplementation, which means that there were no harmful effects.

Table 4: Effect of phosphorus supplementation on rumen liquor
parameters and blood constituents of lactating Friesian

COwWS.
ltems Experimental rations
R1 R2 R3 SE
Rumen parameters
PH 645  6.05"  580° 0.10
TVFA’s (meq/100 mi) 12.60° 1495 1650° 0.62
NH;-N (ing/100 mi) 24.45° 2091  18.20° 1.39

Blood constituents
Total protein (g/100 ml) 8.40° 8.60" 8.74°  0.04

Albumin (g/100 ml) 435> 447" 455  0.03
Globulin (/100 tml) 408 413 419"  0.02
Total lipids {g/L) 5.36° 717 9.60°  0.32
AST (U /L) 16.19° 19.03* 21.86° 0.43
ALT (U/L) 583  720° 893" 0.4
a, b and ¢: Values in the same row with different superscripts differ
significantly (P<0.05).

Results in Table (5) revealed that cows fed R2 recorded
significantly (P<0.05) the highest milk yield, 4% fat corrected milk,
fat. protein, lactose, total solids and solid not fat and followed by
those fed R3, while those fed R1 had the lowest values. The yield
of 4% fat corrected milk of cows fed the basal ration with P
supplementation (R2 and R3) increased by 15.25 and 7.69%
compared with those fed the basal ration without P
supplementation (R1), respectively. These results are in agreement
with those obtained by Dhiman ef a/. (1996), Wu and Satter (2000),
Kaowlton and Herbein (2002) and Rotz ef al. (2002) as they stated
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that milk yield of cows during early lactation was maximized with
0.40 to 0.42 % dietary phosphorus, while increasing phosphorus
concentration (0.50 to 0.52% P) did not increase milk yield.
Carstairs er al. (1981) found that milk yield was not affected by the
concentration of phosphorus in the diet during the first month, but
from week 5 through 12 week of lactation, it tended to be greater
with 0.40% compared with 0.50% phosphorus. Also, Wu et al.
(2000) reported that for entire 84 days treatment period, cows fed
0.40% P produced 8% more milk than those fed 0.50% P. Feeding
0.42% P to high yielding cows during the first & weeks of lactation
maximized milk production and no benefits on lactational
performance of dietary P concentrations more than 0.42% were
reported in any short or long term studies.

Table 5: Effect of phosphorus supplementation on milk production
and composition of lactating Friesian cows.

Jtemns Experimental rations

R1 R2 R3 SE |
Milk vield (kg/ day) 16.55°  18.50°  16.95° 0.20
4% FCM (kg/ day) 14.43°  16.63* 1554  0.18
Milk composition (%)
Fat 3.14° 3.32° 3.44° 005
Protein . 2.35° 2.43" 2.50°  0.03
Lactose 3.96° 4.07° 4.19°  0.06
Total solids 10.16° 1056  10.90° 0.15
Solid not fat 7.02° 7.24° 7.46°  0.10
Ash 0.70° 0.73% 0.76°  0.01
Milk constituents yield
Fat (¢/ day) 520.58° 615.18" 584.01° 7.76
Protein (g/ day) 389.83°  450.53° 424.51°  4.94
Lactose (g/ day) 656.29° 75393 71113 725
Total solids (kg/ day) 1.68° 1.95° 185" 0.07 |
Solid not fat (kg/ day) 1.16° 1.34° 126" 005 |

a. b and c: Values in the same row with different superscripts differ
significantly (P<0.05).

Moreover, the percentages of fat, protein, lactose, total
solids. solid not fat and ash in milk increased significantly (P<0.05)
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with mcreasing dietary phosphorus level. These resulis are in
agreement with those obtained by Call ef al. (1987), Brodison er al.
(1989), Brintrup et al. (1993), Valk and Sebek (1999), Wu and
Satter (2000) and Wu er al. (2001) they reported that the
percentages of milk constituents increased with increasing dietary
phosphorus contents.

Feed and economic efficiencies of lactating Friesian cows
fed rations with phosphorus supplementation are shown in Table
(6). Cows fed R2 had significantly (P<0.05) the highest feed
efficiency, which recorded the lowest amounts of DM, TDN and
DCP per kg 4% fat corrected milk, followed by those fed R3, while
those fed R1 had the highest amounts. These results are in
accordance with those obtained by Underwood (1981) who
indicated that P is further involved in the control of appetite and in
the efficiency of feed utilization.

Table 6: Effect of phosphorus supplementation on feed and
_economic efficiencies of lactating Friesian cows,

ltems Experimental rations’

R1 R2 R3 SE
Feed efficiency
DM kg/ kg FCM 1.14% 1.05° 1.09®  0.05
TDN kg/ kg FCM 0.71° 0.67° 0.68°  0.01
DCP g/ kg FCM 97.02°  92.00°  93.95® .0.96

Economic efficiency
4% FCM income (LE) | 14.43°  16.63° 1554 0.18

Daily feed cost (LE) - 7.64° 8.40° 8.42°  0.10
Retum of mikk yield (LE) | 6.79° 8.23 7.12° 015
Economic efficiency 1.89° 1.98" 1.84°  0.02

a and b: Values in the same row with different superscripts differ

significantly (P<0.05).

Moreover, the income and return of 4% fat corrected milk
vield revealed similar trend to the yield of 4% fat corrected milk.
Cows fed R2 recorded significantly (P<0.05) the highest income
and retum of 4% FCM yield, followed by those fed R3, while thosc
fed R1 had the lowest values. However, average daily feed cost
was higher significantly (P<0.05) for cows fed P supplementation



553 Gaafar, HM.A. et al.,

compared with those in control group. These results could be
attributed to the cost of phosphorus supplementation. Cows fed R2
recorded significantly (P<0.05) the highest econcmic efficiency,
followed by those fed R1, while those fed R3 had the lowest value.
These results are in agreement with those obtained by McDowell
(1992) and Knowlton ef afl. (2001).

Reproductive performance of lactating Friesian cows fed
phosphorus supplementation are shown in Table (7). Phosphorus
supplementation improved reproductive performance. Cows fed R2
recorded the short periods from calving to the 1* estrus, 1"
insentination and days open and the lowest number of insemination
per service and the highest conception rate entire the first 90 and
120 days of lactation. While, cows fed R3 recorded the short period
from calving to the 2" insemination and the highest conception rate
for the 2™ insemination and entire the first 150 days of lactation.
Howevel those fed R1 recorded the longer periods {rom calving 1o
the 1% estrus, 1% and 2" inseminations and days open and the
highest number of insemination per service and the lowest
conception rate for the 1* and 2™ inseminations and entire the first
90, 120 and 150 days of lactation. These results are in accordance
with those obtained by McDowell (1992) who stated that the most
devastating economic result of P deficiency is reproductive failure.
Carstairs et al. {1980), Holmes (1981), McClure (1994) and Wu
and Satter (2000) found that severe deficiency of dietary P caused
infertility or reduced reproductive performance of cattle.

It could be concluded that phosphorus supplementation
improved productive and reproductive performance of lactating
cows. However, cows fed ration contained 0.43% phosphorus
recorded the highest milk production, feed and economic
efficiency, conception rate entire the first 90 and 120 days and the
short days open. While, those fed ration contained 0.51% P
recorded the highest conception rate entire the first 150 days of
lactation. Moreover, the present results cleared the importance of
phosphorus supplenentation during feeding lactating cows on
berseem alone or in a great quantities in winter season to avoid the
phosphorus deficiency in berseem diet.
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Table 7: Effect of phosphorus supplementation on reproductive
__performance of lactating Friesian cows.

Experimental rations
Ttems p

‘ RI__R2 R3 SE |
Days from calving to 1% estrus | 50.40" 42.60° 4680 1.13

Days from calving to 1% insemination | 94.60° 62.50° 79.30° 3.03
Conceptionrateat 1% insemination% | 20.00°  40.00° 40.00° 8.75
Days from calvingto 2™ insemimation | 13137 12135 117.50° 3.62
Conception rate at 2% insemination % | 62.50° 66.67° 83.33* 10.51
Days open 11533* 81.00° 10322° 591
No. of insemination per conception | 1.67°  1.50°  1.55°  0.10
Conception rate
Entirc the first 90 days of lactation | 20.00° 40.00° 40.00° 8.75
Entirc the first 120 days of actation | 40.00°  70.00° 60.00° 9.20
Entire the 150 days of lactation | 60.00° 80.00* 90.00° 7.85
a, b and c: Values in the same row with different superscripts differ
significantly (P<0.05).
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