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ABSTRACT: Twenty mature rams, being 2-3 years old and
weighing an average of 80.26 kg were randomly distributed into five
digestibility trail groups to evaluate the effects of protected and
unprotected palm oil supplementation on nutritive values, nitrogen
and energy utilization and some rumen and blood parameters. The
experimental diets containing 0% (control), 2.5% unprotected palm
oil (UPQ), 5% (UPO), 2.5% protected palm oil (PPO) and 5%
(PPO).

The results showed no significant differences in total dry
matter intake and digestibility coefficients of most nutrients among
the tested diets except EE which showed significantly (P<0.05) high
digestibility value with 5% PPO than that of the control. Fat
supplementation significantly (P<0.05) increased the nutritive values
as TDN and SV while, DCP values was not significantly affected.
Also, digestible and metabolizable energy significantly (P<0.05)
improved by fat addition than the control and not significantly
affected by fat protection. The ruminal TVFA’s and ammonia-N
concentrations significantly decreased and pH values significantly
increased with fat addition. However, fat protected recorded
conflicting results. Blood serum urea and cholesterol values
significantly (P<0.05) increased with fat supplementation, while total
lipids and calcium concentration showed no significant differences,
between the tested groups. On the other side protection of palm oil
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significantly (P<0.05) increased phosphorus concentration compared' '
with the values of unprotected palm oil groups.
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INTRODUCTION

Including fats in ruminant
diets can increase the caloric
density without reducing fiber
contribution, and it can also
increase energy consumption and
efficiency of utilization (Espinoza
et al, 1998). Real increases in
useful energy for ruminants
depend on fat digestibility and on
-the effects of added fat on feed

intake, digestibility, and utilization,

of the rest of the feed components.

Fiber digestibility may be
reduced when extra fat is fed
(Jenkins and Palmquist, 1984,
Jenkins et al., 1989 and Palmquist,
1994). The extent of the reduction
in fiber digestibility increases as
more fat is added. Fiber
digestibility also depends on the
fatty acid composition of the fats.
The reduction is usually greater
when the added fat is rich in
unsaturated fatty acids (Palmquist,
1991). The protection of fats
relatively inert the rumen and
increase energy density and
consumption and intend to
suppress the negative effects on
fiber digestibility without altering
the microbial activity in the rumen
(Palmquist and Jenkins, 1980 and

Espinoza et al., 1998).

The objective of this study is
to evaluate the effect of using
different levels of the protected
and unprotected palm oil on feed
intake,  digestibility,  nitrogen
balance, nutritive value, energy
utilization and some ruminal and
blood parameters.

MATERIALS AND
METHODS

This study was carried out at
the Experimental Farm of Animal
Nutrition Research Unit,
Biological Application Depart-
ment, Nuclear Research Center,
Atomic Energy Authority. Abou-
Zaable.

The experiment was designed
to study the effect of feeding
different levels of protected and
unprotected  palm  oil on
digestibility, Nutritive value, some
rumen  parameters, nitrogen
balance, emergy utilization and
some blood parameters of sheep.

The Experimental Diets were

I- Control diet without any
supplementation (basal diet).

2- Basal diet plus 2.5% (UPO).
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3- Basal diet plus 5% (UPO).
4. Basal diet plus 2.5% (PPO)
5- Basal diet plus 5% (PPO).

Preparation of Calcium Salts of
Fatty Acids

Ca-salts of palm oil were
prepared following a double
decomposition method (Deuel
1951). An antioxidant (0.2%, wt/
wt DL o-tocopheryl acetate;
Hoffman-la Roch1.td, Mississauga,
ON, Canada) was added to the oil
before manipulation to protect the
unsaturated  fatty
oxidation. The antioxidant
properties of tocopheryl acetate
were  verified under  out
experimental condition. Four parts
an aqueous solution of NaOH (6N)
were then added to five parts of
oil, and the hydrolysis of oil
triacylglycerols was performed at
95 to 100°C with continuous
mechanical agitation and bubbling
N. When no more oil was visible,
the resulting blend was left to
stand at 5°C until Na soaps had
solidified. The Na soaps then were
dissolved in hot water (95 to
100°C) using 1: 5.6 ratio of soap to
water, and a saturated solution of
CaCl, was added for salting out. A
tissue net was used to filter the Ca
salts, and tap water was used to
remove residual NaOH and excess

acids  from
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CaCl,. The Ca-salts were finally
air dried in dark room, ground
through a meat grinder, and kept at
about -20°C until feeding. This
process yielded salts that contained
92 to 93% total lipids, 6 to 7% Ca
and <1% Na and Cl. After its
preparation, it was crushed and
mixed with the other components
to form a mash diet.
Digestibility Trials

Five digestibility trails were .
conducted to evaluate the
experimental diets. The experim-
ental diets were formulated In
Nuclear Research Center, Egyptian
Atomic Energy Authority, and
offered in mash form to cover the
maintenance requirements of adult
rams according to NRC (1985)
allowances. The tested feeds were
offered twice daily (8.00 am and
15.00 pm) water was available all
time and rice straw was offered
and libtum. Refused feeds were
weighed and stored for proximate
chemical analysis. The formulation
and chemical composition of the
tested diets are presented in Table 1.

Four mature local rams for
every treatment with an average
body weight of 80.26 kg were
used. The digestibility trails lasted
28 days, 21 days as preliminary
period, followed by 7 days as
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collection  period. = Complete
quantitative collection of feces and
urine was carried out during each
collection period. A daily sample
representing 10% by weight of
fresh feces from each animal was
dried. Dried fecal and feed samples
were ground and representative
samples were taken for  later
analysis.

Chemical determination of
representative feed samples using
the A.Q.A.C. (1984) procedures
were done, and gross energy of the
tested diets was determined using
the programmable isothermal-jaket
colorimeter (Julius peters, Berlin,
West Germany) by the method
illustrated by Nasr (1982) and
Mostafa (1992). Urine was
collected in containers to which
100 ml of 10% ;S04 had been
added to prevent any nitrogen
losses. Urine volume  was
measured daily and a 10% aliquot
was combined and stored for
nitrogen determination by Kjeldahl
method (Concon and Soitess 1973)
by using an automatic electric
buch 350.

Rumen Parameters

At the end of each
digestibility trail, samples of
rumen liquor were collected

through stomach tube (rubber), via

- El-Foly, et al.

oesphagus from each animal
before feeding and at 2, 4 and 6 hrs
after feeding for determination of
rumen pH, ammonia-N and
TVFA’S concentration. The pH
values were measured immediately
after the collection and filtrations
of rumen liguor through double
layer of cheese cloth and before
adding any preservatives using a
pH meter (Digital pH meter CD-
64 with glass electrode). Ammonia
nitrogen was determined using the
method of Conway (1957). Total
volatile fatty acid concentration
was determined according to
Warner (1964). -

Blood Parameters

Blood samples were collected
at the end of digestibility trials.
The samples were withdrawn from
jugular vein before feeding and
serum  was  separated by
centrifugation of blood at 3000
rpm x 10 min. Serum samples
were kept frozen at -20°C for later .
analysis. Total lipids and
cholesterol were calorimetrically
determined by using commercial
kits (bio Merieux 69280 Marcy-1,
Etoile / France). Calcium content
in blood serum was determined
using colorimetric method
according to Ray Sarker, and
Chauhan (1967). Phosphorus was
determined by Atomic Absorption
spectrophoto -meter according to
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Jackson  (1958). Urea was
determined by enzymatic method
according to Patton, and Crouch
(1977).

- Statistical analysis of data
was analyzed using general linear
modely using ANOVA procedures
of SAS (1982).

RESULTS AND
DISCUSSION

Dry Matter Intake

The results of dry matter
intake per kg live body weight or
kg metabolic body weight showed
slightly insignificant increase with
palm oil supplementation than the
contro! value and with protected
palm oil values than the
unprotected ones (Table 2).
Similar results were obtained by
El-Bedawy et al. (1994).

Digestibility Coefficient:

The results showed that the
nutrient digestibilities of DM, OM,
CP, CF and NFE slightly
insignificantly improved as a result
of palm oil addition than the
control values and showed no

significant differences between
protected and unprotected palm oil
(Table2). However, the

digestibility of EE significantly
(P<0.05) increased with protected
and unprotected palm oil addition
than the control.
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On the other hand the values
of 5% protected palm oil showed
significantly  (P<0.05)  higher
values than the 2.5% unprotected
ones, (Table 2). The results are in
agreement with the results of
Palmquist (1984), Nigidi er al
(1990) and El- Bedawy (1995).

Nutritive Values

The results of nutritive
values as TDN, SE and DCP,
(Table2) significantly increased as
a result of supplemented protected
and unprotected palm oil in
comparison with the
unsupplemented diet (control). The
results showed significant
differences between the nutritive
values of  protected  and
unprotected palm oil (Table2).
Similar results were obtained by
El-Bedawy et al. (1994) and El-
Bedawy (1995) when sheep fed
Ca-SFA supplemented diet.
Nitrogen Utilization

The results of nitrogen
utilization as affected by protected
and unprotected palm oil addition
(Table 3) showed that fecal-N
slightly insignificantly decreased.
However, urinary-N significantly
(p< 0.05) decreased by palm oil
addition compared with the control
ones which reflected on the values
of total excreted-N. The results
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also showed no significant
differences between the values of
protected and unprotected palm oil
(Table 3).

The results of N-balance and
the other nitrogen estimated values
(Table 3) showed significant
(P<0.05) improvement in N-
utilization measurements as a
result of supplemented palm oil
than the unsupplemened one
(control). Also, the results showed
no significant differences between
the values of treated and non
treated palm oil (Table 3).

The results are in agreement
with the results of Devendra and
Lewis (1974), Palmquist and
Conrad (1978) and Bunting ef al.
(1992).

Energy Utilization

The results of energy
utilization as digestible energy
(DE) and calculated metabolizable
energy (ME) as affected by
protected and unprotected palm oil
addition (Table 4) showed that the
daily excreted fecal energy
significantly (P<0.05) decreased as
a resuit of palm oil supplementation
with out any significant effects of
levels or form of palm oil
supplementation (Table 3). The
results of fecal excreted energy
reflected on improving the values

El-Foly, et al.

of DE an ME (MJ / h / d) and the
quality factor (ME / GE) % as a
result of palm oil addition, (Table
4). Similar trend were obtained by
Hill and West (1991) and Zinn and
Shen (1996) who found that added
Ca-soap enhanced DE and NE
values than barley or corn grain
without addition.

Rumen Constituents

The results of some rumen
parameters as affected by protected
and unprotected palm oil
supplementation showed that the
ruminal total volatiel fally acids
(TVFA) concentration significantly
(P<0.05) increased up to 4 hours
and ruminal- ammonia- N
significantly (P<0.05) decreased
up to 6 hours after feeding than
before feeding. The ruminal pH
values which significantly declined
after feeding than before feeding
(Table 5).

On the other hand, the results
showed that the palm oil
supplementation significantly
(P<0.05) decreased the TVFA and
ammonia-N concentrations and
increased the pH values, the effect
of palm oil protection showed
conflicting results in the most
tested rumimal parameters.

The results are in agreement
with the results obtained by Boggsi
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et al. (1987), Grummer (1988),
Nigidi et al. (1990), Hill and West
(1991), El-Bedawy et al. (1994)
and Onetti e al (2001) who
reported conflicting results on the
tested ruminal parameters.

Blood Constituents

The results of blood serum
parameters (Table 6) showed that
palm oil supplementation
significantly (P<0.05) increased
urea and cholesterol levels than the
unsupplemented one {control).
While, the values of total lipids
and calcium showed no significant
differences among the
experimental groups. One the other
side, the protected of palm oil did
not show any significant effects on
the tested parameters except the
level of blood serum phosphorus
which showed significantly higher
values than the unprotected palm
oil. The results are in a good
agreement with Steele (1980),
Bock et al. (1991), Mayes (1991),
El-Bedawy (1995) and Espinoza et
al (1995).

Conclusion

The results concluded that
protected and unprotected palm oil
supplementation at level 2.5%
improved the nutritive values and
performance of sheep without any
adverse effects.
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Table 1: Formulation of the experimental diets and their chemical

composition
ltems Experimental diets
Control  2.5% UPO 5% UPO 21.5% PPO 5% PPO

Yellow corn 34.8 313 278 313 278
Sugarbeet pulp 13.0 13.0 13.0 13.0 13.0
Wheat bran 25.0 25.0 25.0 255 255
Cotton seed meal 20.0 200 20.0 200 20.0
Soy bean meal 5.0 6.0 7.0 6.0 7.0
Palmeoil @ e 25 50 - -
Protected palm oil R - -— 25 5.0
Dicalcium phosphate 1.0 1.0 1.0 0.5 035
Comonsalt 1.0 1.0 1.0 1.0 1.0
Trace mineral * 0.1 0.1 0.1 0.1 0.1
VT.AD3E ** 0.1 0.1 0.1 0.1 0.1
Chemical compeosition (%) on DM basis:

(DM) 90.15 90.44 90.77 90.20 91.05
{OM) 94.59 9457 94.54 95.07 94.96
CP) 16.70 16.86 17.01 16.94 17.59
(CF) 10.32 10.20 10.37 1042 10.41
{EE) 3.50 5.98 837 334 7.06
{NFE) 64.07 61.53 58.79 62.37 59.90
Ash 541 5.43 5.46 493 5.04
GE MJ/kg diet 16.99 18.89 18.95 18.82 18.57
Calculated chemical compaosition of consumed diets:

CP 1453 14.50 i5.20 14,97 14.32
CF - 15.25 15.53 14.40 14.81 17.36
EE 3.25 5.28 7.53 485 5.90
NFE 59.51 57.06 55.76 58.54 54.40

*Composition: Each/kg contains: Cu 3g, Iron 30g, Manganese 40g, Zinc 45g,
Iodine 0.3g, Selenium 0.1g and CaCO; 881.6g

** Composition: Each lkg contains: Vitamin A 20M.LU, Vet. D3 2M.LU. and
VT.E 2gm.
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Table 2: Effect of protected and unprotected palm oil

supplementation on dry matter intake, digestibility
coefficients and nutritive values

Experimental diets
Ttems Control 25%UPO S5%UPO 25%FPO 5%PPO
Dry matter intake (g/h/d):
CFM(g/h/d) 1167.1+6.18  1149.0+0.02 1138.6+14.03 1156.8+12.1 1117.25+33.29

Rice straw (g/b/d) 2232305  240.4+4425% 172.2426.7° 194.0+47.5° 328264549
Total DMI (g/h/d) 139025355  1389.4+44.25 131 0.8+31.06 1350.8+53.7 1445.5+31.10
DM / Kg LBW 16.1720.04  16.76x1.30  1681+0.98 18.2520.77 17.01x0.41
DMI /Kg WO'™ 49.23+0.11  52.85x3.28 49.97:2.41  53.60xL.7  51.64x1.02
Nutrient digestibility (%):

DM 71.28£1.27  75.68+1.84 75.7121.84 76.74x1.83  71.05+0.24
oM 75.22+0.67  78.94+1.68 78.71x1.69 77.80+3.01 75.0320.25
cp 69.78£1.09  73.07£1.21  73.211.67 74.08+1.09 72.87+0.30
CF 50504052  5228+2.05 5043£235 5697x382 50364046
EE 76.38+1.67°  87.96+128° 91.11+1.40® 92.12+1.04° 93.8020.76°
NFE 80.23+0.83  82.77x1.51 82.56%134 80.63+3.23  79.13:0.21
Nutritive values on DM basis (%):

TDN 7L120.16°  76.91£1.03% 80.20£0.60" 77.04+0.18° 74.69+0.52°
SE 65.21:0.23° 7035098 72.73£0.74' 70.37x0.16* 67.7+0.82°
DCP 10.14+0.16°  10.6020.18°  11.1320.25* 11.09+0.16* 10.44+0.04®

a, b: Means in the same row having different superscripts differ significantly
(P<0.05).
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Table 3: Effect of palm oil and protected palm oil supplementation
on nitrogen utilization of rams

Experiments diets
Items Control  25% UPO 5% UPO 25%PPO 5% PPO
N‘""“:,B:l““ (ND 3390014 32224023 31872042 32344048 3223:0.89
Daily excreted-N g/h/d;
Fecal -N 9774039 868044  BI8058  839:045 8742026
 Urinary N 19815057  1418:123° 14392067 13345087  13.9140.30°

Total excreted -Ng/ivd  20.58028° 22.86+121° 2257+122° 21.73:087° 2265041
Digestible-N (DN) g/h/d  22.5542.78  23.53:028  2332:041 2395:0.19  24.1520.11

N-blance g/h/d 2745039 935£1.09°  906tl11' 10602086 10243037
NB /NI (%) 84BE170°  29.0243.43° 28431356 3278259  31.77£1.05°
NB/DN (%} 12.1562.28°  39.7436.57" 38.85:4.14" 4426:4.70°  42.40£0.67°
NB (g/Kg BW) 0.03:0.02°  012:6002° 012007  0.142001°  0.12:0.02*

a,b: Means in the same row having different superscripts differ significantly
(P<0.05).
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Table 4: The effect of protected and unprotected palm oil
supplementation on digestible and metabolizable energy of

rams
Experimental diets
ftems Control 25% UPO 5% UPO 25%PPO  5%PPO
Gross energy (GE)
16.99 18.39 18.95 18.52 18.57

GE, MJ/Kg diets.

23.61+0.10 25.78+0.87 24.84+0.52 25.02+0.86 26.85+0.6l
GE, intake MJ/h/d
Daily excreted energy:

Fecal energy (FE) MJ /h/id  6.530.64"  4.8720.53°  4.9620.47°  4.69£045° 5.97:0.22%

(FE/GE) % 27.53+1.82° [8.89+1.70° 19.9741.53" 18.75+1.20° 22.23+0.50
Digestible energy MI/h/d  17.1140.38" 20.68+0.36" 19.88+0.27° 20.34:0.46" 20.87+0.44°
(DE/ GE) % 7247£1.82 80.22£1.70 80.03£1.53  81.29+1.20  77.7320.49
*Cszlculated metabolizable

energy (ME) 14.03+031° 16964029 1630:0.22" 16.68+0.32° 17.11x0.36"
MJ/h/d

Quality factor 59.42+1.49" 65.79£1.39* 65.62+1.26° 66.67:0.99" 63.72:0.41"
(ME / GE) %

a, b, : Means in the same row having different superscripts differ significantly
(P<0.05).

*ME = DE x 0.82 (NRC, 1985).
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Table 5: Effect of protected and unprotected palm oil supplemen-
tation on ruminal TVFA’s, ammonia-N concentration and
pH values of rams B

Dizts
Hours Control 2.5% UPQ 5% UPO 25%PPO 5% PPO Mean
TVFAS conceniration (m! ¢q /100 ml):
0 18.13x1 91*° 9.641.51°¢ 9.5040.53° 1323+0.69° 6.18+127 1133£1.18%
2 14.05+0.73%  12.6840.77%  12.70+0.24° 1998+0.91* 103320.94° 13.95+£0.09*
4 1R.60+0.51" 06£1.45°¢ 14.78+2.34%  2030+042* 10.1320.10° 14.69x0964
6 1568064  620.72° 13.38:1.90°  11.83:024" 7.354047° 10890798
Mean 16.62+0.95*  9.53+0.79° 12504125  16.34+£0.57* 8.5020.70°
Ammonia-N concentration {mg/100mi):
0 20.4&39 15,541 .47 16882067  1647%1.39 15752127 17.0240.74°
2 367424 27.58+2 61 34782079 2923:1.07 2881264 31.43£2.10%
4 34 58+0.67 23 464 30 3180185 29.23x1.10 2078093 2797:1.77°
6 32.21+0.81 20,8943 .27 2933193 24403234 19142036 252141 74°
Means 31.00%1.95 21.87°+1.78 28.20%1.56  24.86°:148  21.12%+13 e
pH values:
¢ 6.6410.13%  6.87+0.03° 7.2240.14"  6.60£008°  7.26:0.07° 6.92+0.09*
2 "6.3140.4° 6.24:+0.06° 6.30£0.07°  639+0.15° 6.85:0.03° 6.42+0.08°
4 6.1740.02°  692:0.10"  6.15:0.06°  6.59:0.12°  691x005" 655:0.06°
6 657004  6.92+0.04° 6.40:0.09°  6.60:0.09% 6.79£0.14™ 6.66:0.08°
Mesn 6.42+0.08" 6.74+£0.06" 6.5240.09°  6.55:0.11°  6.95¢£0.73° e

ab,c and d and A B,C and D: Means in the same row and column respectively

having different superscripts differ significantly (P<0.05).
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Table 6: Effect of protected and unprotected palm oil
supplementation on some blood sernm parameters of rams

Items Experimentsl Diets
Control 25% UPO  S% UPOD  2.5%PPO 5% PPO

Urea-N mg/dl 37.5£235° 4636345 40294248" 4431 £1.25° $021 +1.45°
Cholesterol mg/dl  23.35+1.43% 23.79:035% 409+3.15* 3744249  38.11x1.79*
Total lipids mg/dl  139.73:020 14024034 139.12+0.30 14068036  145.5620.56
Calcium mg/di 15.76£0.70  1525+0.65 15.84+0.64 14.91%1.28 16.14x0.77

Phosphor mg/dl  6.1440.56*  58940.16° 5.23:0.67% 6.82£0.42*  7.73+0.69"

a, b, c: Means in the same row having different superscripts differ significantly
( P<0.05).
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