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ABSTRACT

Eighteen lactating Friesian cows were assigned to three equal groups to
study the effect of protected fat and palm oil supplementation on digestibility
coefficients, rumen fermentation, some blood constituents, milk yield and its
composition and reproductive performance during early lactation. The cows in the
frst group were fed a basal ration only (G:). While, in the other two groups 3% of
concentrate feed mixture was replaced by protected fat (G-) or palm oil (Gs). The
=xperimental period lasted 15 weeks after calving.

Digestibility trials were carried out and rumen liquor samples were collected
= the end of the experimental period. Blood samples were regularly collected from
=nimals at 3 week interval starting from day 21 after calving. Milk yield was recorded
we=ekly, while its contents were analyzed once every three weeks.

Results indicated that feeding protected fat and palm oil significantly (P < 0.05)
ncreased digestibility coefficients of DM, OM, CF, EE and NFE and subsequently
TON and DCP values compared to control group, while, ruminal pH and
“oncentration of TVFA's were not affected. Adversely, ammonia-nitrogen
“oncentration decreased significantly (P < 0.05) with supplementations.

Concentrations of total protein, albumin, globulin, total lipids and HDL in blood
s=rum were highest in cows fed ration supplemented with palm oil. Cows fed
ootected fat expressed the highest concentrations of total cholesterol, LDL and
Tglycerides compared with the other two groups.

Actual milk yield and 4% fat corrected milk were significantly (P < 0.05) high
%r cows fed protected fat followed by cows in Ga, while the lowest levels were found
= the control group. Yields of milk fat, protein, lactose, total solids and solids not fat
were significantly (P < 0.05) higher for cows fed protected fat and palm oil compared
‘Wi cows fed the control rations.

Days open in Gz recorded the longest period followed by Gz and the least was
# G;. Number of insemination per conception in G, was 2.0 being insignificantly less
®=n that G: and Gs (2.5). Conception rate within 150 day postpartum and after the
wd insemination was significantly (P < 0.05) higher in G; compared to G, and Ga.

This study indicated that protected fat and palm oil supplementation in ration
dairy cows improved their feed efficiency and reduced the intake of DM and DCP
ired to produce 1 kg 4% FCM. Moreover, economic efficiency for cows fed
ed fat and paim oil was significantly higher compared with cows fed control

ords: Friesian cows, protected fat, palm oil, digestiblities, blood, milk
composition, reproductive performance.

INTRODUCTION

During early lactation period dairy cows are often forced to draw on
reserves to satisfy energy requirements. For this reason, the addition of
sources to the diets may be useful to overcome limitations in energy



Metwally, A M. et al.

supplies. It is well know that digestible fat supplies 2.25 times as much energy
as digestible starch or sugar (Grummer and Carroll, 1991).

Cows fed added fat usually attain the peak daily milk yield a couple of weeks
later and they maintain their production with greater persistency, which
increases milk production by 2-12%. Also, cows fed added fat have less
weight loss in early lactation, which may improve reproductive efficiency and
depress cases of ketosis (McDonald et al., 1995).

Fats often tend to improve rations by reducing dusting, increasing
palatability and generally increase absorption of fat-soluble nutrient such as
the fat-soluble vitamins (Church, 1991).

Also, the resulting milk may have a fatty acid profile with perceived
human health benefits such as reduced coronary vascuced inflammatory and
autoimmune disorders (Christensen et al., 1994).

Fat is one of these nutrients and it apparently enhances postpartum
reproduction either by increasing the energy status of the animal or by other
processes independent of energy intake. In both cases, stimulation of ovarian
follicular growth and luteal function (Lucy et al, 1992 and Thomas and
Williams, 1996). Evidence also suggests that supplemental fatty acids may
improve the fertility of dairy cows by influencing energy balance in early
lactation (Staples et al., 1998).

Therefore, the present study was carried out to study the effects of
adding protected fat or palm oil to the ration of dairy Friesian cows on
digestibility coefficient, nutritive value, rumen fermentation, metabolic blood
serum, milk production and its compaosition and reproductive performance of
lactating Friesian cows during the first 15" weeks postpartum.

MATERIALS AND METHODS

Eighteen healthy lactating Friesian cows from the Sakha Animal
Production Research Station, Animal Production Research Institute.
Agriculture Research Center, Ministry of Agnculture were used in the present
study from the first week postpartum up to the 15" week after calving. The
animals were in the 3™ or 4" parity and their live weights ranged from 550 to
560 kg. The animals were randomly allotted into three equal groups (6 in
each). The first group (G;) was fed the basal ration consisted of concentrats
feed mixture (CFM), berseem hay and rice straw (control group), while in the
other two groups, 3% of CFM was replaced by either protected fat, Magnapac
(Gz) or palm oil, Estiarin (G;) Table (1). The offered daily feeds were
assessed to cover the requirements according to NRC (2001). The CFM was
individually weighed and offered twice daily during machine milking while
roughages were fed in-group during the daytime. Water was available for
animal all times.

At the end of the experiment, digestibility trials were conducted using
three cows from each group to determine the digestion coefficient anc
nutritive value of the experimental rations. Feces samples were collectec
twice daily during the collection period (7 days). Rumen liquor samples wers
collected 3 hours after morning feeding on the last day of the collection periog
using a stomach tube. Ruminal pH was determined directly by using Beckman
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sH-meter. Thereafter, 1 ml of saturated mercuric chloride was added to the
s=mples to inhibit the microbial activity and then filtered for later analysis. The
“oncentration of ammonia-N (NH3-N) was determined by using magnesium
@wode distillation (AOAC, 1990). Total volatile fatty acids (TVFA's) were
S=termined applying steam distillation methods (Eadie et al., 1967).

Blood samples were collected from the jugular vein every 3 weeks
¥om all the experimental cows starting from the third week postpartum and
“ontinued until the week 15 after calving. Blood serum was separated by
e=ntrifugation of clotted blood at 3000 r.p.m for 10 minutes and kept at -20°C
wntl chemical analysis. Total protein, albumin, globulin (by difference), lipids,
glyceride, cholesterol, low density lipoprotein (LDL), high density lipoprotein
#HDL), urea, glucose, activity of glutamic oxaloacetic (GOT) and glutamic
Syruvic transaminase (GPT) were determined as described by Varoley (19786).

Table (1): Average daily feed intake (kg/day) by lactating Friesian cows
fed the different experimental rations.

Experimental group
item a1 G2 R SEM
ntrate feed mixture 9.92 8.84 9.05 -
m hay 6.07 5.78 5.54 =
straw 4.01 3.80 3.66 2
ed fat s 0.51 o &
oil . = 0.49 -
intake 17.942 17.00° 16.37° 0.17
intake 10.82° 11.69% 10.84° 0.12
intake 1.40° 1.35%° 1.31" 0.01

% 0 and ¢: Value in the same row with different superscripts differ significantly (P < 0.05).
=1 control, G2 & G3: supplemented with protected fat and oil, respectively.

Milk yield was recorded individually weekly during the experimental
@eriod. Milk fat, protein, lactose, total solids and ash were determined
Saweekly from consecutive evening and morning milking by using MILKO
SCAN (133 BN, FOSS Electric). The interval from calving to both of first
=strus, first insemination and conception (days open) were calculated with the
sumber of service per conception. Moreover, number of successful
SrEgnancy was calculated during the first 150 days postpartum.

Economic efficiency of milk production calculated as follows:
Economic efficiency = income of 4% fat corrected milk / cost of feed
Sonsumption.

Whereas, the price of one ton were 1000 LE for 4% fat corrected
mulk, 700 LE for concentrate feed mixture, 400 LE for berseem hay, 50 LE for
nce straw, 2900 LE for protected fat and 1700 LE for palm oil during year
2003.

The data were statistically analyzed using General Linear Models
Srocedure Adapted by SPSS (1997) for User's Guide, (one way ANOVA
Model). Where appropriate means were separted using Duncnas multiple
range tests (Duncan, 1955).
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RESULTS AND DISCUSSION

Data in Table (2) show that cows fed protected fat ration (G,) had
significantly (P < 0.05) higher digestibility coefficients of DM, OM, CF EE, NFE
and TDN value followed by cows fed ration supplemented with oil (G;); while
the control cows had the lowest values. Cows in G, had recorded the highest
digestibility coefficient of CP and subsequently DCP value followed by the
cows in G, and G, respectively. These results cleared that protected fat as
well as oil supplementation in the experimental ration of dairy cows improved
the digestibility and nutritive values of the ration. In this respect, Chouinard ef
al. (1998) found that the addition of protected fat in the ration of Holestein
dairy cows improved nutrients digestibilities and nutritive values. Also, El-
Bedawy (1995) reported that fat supplemetnation eighter form oil or Ca-soap
led to significantly increase EE digestibility from 70 to 90%., which could he
due to the high digestibility of fatty acids in the supplementary fat ration.

Table (2): Average digestibility coefficients, nutritive values and rumen
activity in lactating Friesian cows feed different rations.

Experimental grou |

g G G2 (eN) SEN
Digestibility coefficients
Dry matter (DM) 62.38° 68.51° 65.34° 0.68
Organic matter (OM) 65.76° 71.88° 68.53° 0.69
Crude protein (CP) 61.56° 65.29° 65.99° 0.62
Crude fiber (CF) 59.47° 64.88° 60.24° 0.94
Ether extract (EE) 63.80° 83.18° 77.03° 2.27
Nitrogen free extract (NFE) 68.85° 74.54° 71.40° 0.69
Nutritive value (%) 1
TDN 60.30° 68.78° 66.24° 0.97
DCP 7.7¢° 7.94%° 8.03° 0.05
Rumen activity
pH value 6.51 6.51 6.46“ 0.06
VFA's (mM/L) 2086° | 18.34° 18.90° 0.70
/Ammonia (mg %) By | I 11.88° 0.94

a, b and c: Vaiue in the same row with different superscripts differ significantly (P < 0.05).
G1: control, G2 & G3: supplemented with protected fat and oil, respectively.

In contrast, ruminal pH value was not affected by fat or oil
supplementation. These resuits agreed with those obtained by Chalupa et al.
(1986). In the same time, the concentrations of TVFA's and ammmonia-N in
the ruminal liquor of the cows fed supplemental fat or oil were significantly
lower compared with that in control cows. These results might be attributed to
the fact that fat supplementation reduced the degradability of protein by
rumen microbial mainly at addition of oil to ration. These results are in
agreement with those obtained by Tjarde et al. (1998), Onetti et al. (2001) and
Demeterova et al. (2002), whoe reported that the addition of Ca-salt of fatty
acid in ration of cows caused decrease concentration of VFA's and NH;3-N in
rumen animals compared with cows fed ration without fat addition.
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The differences in the concentrations of blood serum protein,
albumin, globulin, urea and glucose were significant (P<0.05) among the
different experimental groups. In this respect, the highest values were shown
by the cows fed ration treated with palm oil, while the cows fed supplemental
protected fat had the lowest value. The differences in total protein, albumin
and globulin concentrations were not significant between G; and G, (Table,
3). These finding suggest that, supplementation of palm oil for the basal ration
may increase the hepatic through an increase in synthesis of protein mainly
albumin and globulin. This means that protected fat did not cause damage of
liver. In addition, palm oil may increase glucose absarption. These results are
in agreement with those obtained by Avila et al (2000), Fahey et al
(2001)and Baraghit ef al. (2003), who found that concentrations of blood total
protein, albumin, globulin and glucose were higher in dairy cows and growing
calves fed rations supplemented with protected fat. The increase in these
parameters (Table 3) may reflect improvement of rumen fermentation,
digestion rate and absorption (Kovacs et al., 1998).

It clearly appears the protected fat and oil supplemented with ration
significantly (P < 0.05) decrease in the concentration of blood serum urea.
These results agree with those reported by Demeterova et al. (2002), who
reported that blood urea level decreased significantly with protected fat
supplementation in ration of dairy cows.

In addition, concentrations of serum protein, albumin and globulin were
significantly (P < 0.05) affected by lactation period, while urea and glucose
levels were not affected (Table, 3). However, these parameters were
fluctuated during the experimental period, which may be due to milk
production, reproductive hormones or other factors. Petit et al. (2001) and
Francisco et al. (2002) reported that these parameters fluctuated from calving
0 lactation end and such fluctuation may be due to activity of rumen
fermentation, level of milk production, nutrition, and reproductive hormones.
Furthermore, Avila et al. (2000) and Salado et al. (2004) demonstrated that
the changes in blood glucose may be due to change in insulin hormone during
his period.

Data in Table (4) indicate that the overall mean of total blood serum
ipids, triglycerides, cholesterol, HDL and LDL concentrations were
significantly (P < 0.05) higher in G, and G; when compared with control
group. Moreover, the cows fed the basal diet with palm oil had a significant
higher lipids and HDL while the concentrations of triglycerides, total
cholesterol and LDL were recorded the highest value in cows fed protected
f2t. An increase in these parameters for treated cows could be attributed to
ncreased their absorption from the gut to the blood or to increase of nepatic
function. These results are in accordance with those obtained by Khalaf et al.
11986), Sklan et al. (1989) and Selberg et al. (2004), who found that the
concentrations of the respective parameters in blood serum or plasma of
cairy cows increased with protected fat or palm oil supplementation in ration.
The increase might be due to increasing fat absorptlon in the elementary tract
1Selberg et al., 2004).
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This cleared with the results in Table (2), whereas the cows fecd =
supplementation had better the digestibilities coefficient and ~utritive vaiues.

The obtained data revealed that the lowest values were recorded zi #
start of the experiment and the highest values at the end of the experimenta
period. The corresponding balance changes may be due to changes =
hormone and organs physiological function. These results zre in agreemen
with those obtained by Thomas et al. (1997), who reported that thess
parameters increased gradually with progress of lactation period. An increass
may be attributed to greater quantity of fatty acid absorbed from f=
supplementation in rations (Graton, 1965) and/or the fact that feeding fat &
associated with depression in lipogenic enzyme activities by liver and adipose
tissue lead to increase synthesis of all components of lipids in blood (Steele
1980).

Milk production expressed as actual milk yield and 4% fat correctes
milk (FCM) were significantly (P < 0.05) greater for cows fed supplementes
ration with either protected fat or palm oil for cows fed control ration (Table
5). These results could be attributed to increasing energy content of the
treated rations by fat supplementation and due to improve the nutritive values
of supplemented rations as shown in Table (2). Milk yield increased in G, ane
G; by 5.76 and 4.3 kg/day, while FCM increased by 4.97 and 4.15 kg/day.
respectively when compared with animals in G,. Moreover, these results ars
in agreement with those obtained by Garbswortuy (1996) and Moallem et &
(1997), who found that the actual milk yield and fat corrected milk response ‘=
fat supplementation were significantly higher compared to the control groug
Moreover, Petit et al. (2001) reported that milk production was greater for
cows fed protected fat than those fed protected oil.

Furthermore, milk production progressively increased after calving
reaching the peak production at 4-8 weeks of the lactation and afterwards #
decreased progressively reaching its minimum level at the 14™ week of
lactation (Table 5). These resuits are similar with those reported by Valdez &t
al. (1988), who suggested that changes in milk yield and its contents during
early lactation period may be due to changes in the level of prolactin hormone
secretion, efficiency of the udder secretory cells and some other metabolic
factors. _

Yields of fat, protein, lactose, total solids and solids not fat in milk of
cows fed ration supplemented with protected fat increased by 34.62, 37.84
36.36, 36.30 and 37.17%, while cows treated with palm oil increased by
30.77, 29.73, 28.79, 29.70 and 29.20%, respectively in comparing with cows
fed ration without supplementation (Table, 6). The same trend was repoted by
Bayourthe et al. (2000), Benson et al. (2001) and Reksen et al. (2002), whe
found that yields of milk contents increased significantly in dairy cows feg
rations supplemented with either protected fat or palm oil as compared to
unsupplemented. An increase in these contents may be due to improve the
ruminal microbes in treated cows and improve efficiency both gut and udder
in absorption to and from blood, respectively (Drackley and Elloitt, 1993 and
Benson et al., 2001).
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Other studies found that protected fat or palm oil had no effect on milk
composition, but significantly affected its yield (Bayourthe et al., 2000 and
Petit et al., 2001).

On the other hand, yields of milk components were significantly (P <
0.05) affected by lactation period, whereas they reached the maximum value
between the 4™ znd 8" weeks postpartum and then gradually decreased.
These results are in agreement with those reported by Spicer et al. (2000)
and Francisco et al. (2002). Changes in these contents during early lactation
period may be due to the change in the hormonal status efficiency of the
udder, type of the nutrition and some other factors (Chouinard et al., 1998).

The lactating Friesian cows fed ration supplemented with palm oil had
shorter period to express the first estrous after calving and longer period of
days open. While, the cows in G, had shorter period to days open. Moreover,
number of insemination per conception was more than and equal in G, and
G. compared with that in G, (Table, 7). It clearly appears that the differences
n number of insemination per conception and day open length among the
gifferent groups were not significant. However, the cows fed ration treated
with protected fat or paim oil had longer days open and this may be due to the
increase in milk production, which would delay pregnancy. ;

These results are in agreement with these obtained by Moallem et al.
{1997) and Thatcher et al. (1999), who found that cows fed protected fat or oll
nad longer days open when compared with cows fed ration without additives.
This may be due to delay in resumption of ovarian cyclicity and disappearance
of behavioral symptoms of estrus in Ca-salt of fatty acids fed cows (Butler and
Smith, 1989).

Moreover, conception rate after the 3" insemination within 150 days
postpartum was higher in G; (100%), while the cows in both G, and G; were
smilar (66.8%). In this respect, Thatcher et al. (1999) reported that
s=oroductive hormones in blood plasma are enhanced by fat or oil
supplementation, possibly by stimulating the synthesis of its precursor
{cholesterol) whereas an increase inspection of these hormones may be
enhance conception and embryo survival.

Data in Table (8) show that the amounts of DM, TDN and DCP intake
sequired to produce 1 kg 4% FCM for cows given control ration were
significantly (P < 0.05) higher than that for cows fed protected fat or oil. These
sesults revealed that protected fat and palm oil supplementation improved
%==d efficiency of lactating Friesian cows and in the same time agree with the
sesults in Table (2). Moreover, supplementation of protected fat and palm oil
= 1o reduce their demanded of DM, TDN and DCP to milk production. These
s=sults are in agreement with those obtained by Omer (1999), who found that
. C=-salts of fatty acids supplementation in ration of Friesian calves improved

Si==d efficiency.

The present results show that cows fed supplemental protected fat and
@=im oil had greater economic efficiency by 35.59 an 29.71% than cows given
sonirol ration, respectively. These results could be attributed to the higher
ik yield and lower intake of DM, TDN and DCP for cows treated with fat and
ol
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These results agreed with those obtained by Omer (1999), who found that
Friesian calves fed ration supplemented with Ca-salts fatty acids had better in
sconomic efficiency.

Table (8): Feed and economic efficiency of lactating cows fed the
experimental rations.

Experimental group

it Gi | G2 | G3 | SEM
Feed efficiency
DM intake kg/kg FCM T 1297 0.90° 090° | 005
TDN intake kg’/kg FCM | 0.78° 062° | 080° ' 0.05
DCP intake g/kg FCM | 100.36° | 71.35° | 7238 3.07
Economic efficiency
Fead cost (LE/day) 9.74° 10.33° 942" |
Dutput of FCM (LE day) 15.35° 20.84° 19.91% |
Economic efficiency 100.00° 135.59° 129.71° |

2 b and c: Values in the same row with different superscripts differ significantly (P <
2.05).
S1: control, G2 & G3: supplemented with protected fat and oil, respectively,

it can be concluded that addition of protected fat or palm oil for
rations of lactation cows lead to improve digestibility coefficients, nutritive
walues and metabolic blood which lead to increase milk production and total
solids in milk. Moreover, supplementation of fat and oil lead to prove
seoroductive performance although an increasing in their production. Also, a
result of these factors cost of one kg of milk decreased and income from
reated animals increasec.
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