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SUMMARY

Twenty—-four metabolism trails were carried out to
study the effect of fat supplement and calcium addition
on nutrient utilization of berseem hay. Twelve Rrahmanay
rams (3 years old and 40 Kg Body weight) three animals
in each trail were used to evaluate the three sources of
fat without calcium addition. Fat sources of sunflower
0il, hydrogenated vegetable o©il (HVO) and tallow were
compared with the control (no fat supplement) .
Accordingly, fat sources were evaluated with calcium
addition using the same animals. Fats were supplemented
at the rate of 5% and calcium was added at the rate of
1% (2.5% calcium carbonate) to the control ration
composed of berseem hay.

Vegetable o0il either hydrogenated or not had severe
adverse effect on DM, 0OM, CP and CF digestibilities
while tallow supplement caused only a decrease in CP
digestibility. Digestibility of EE significantly
increased by any fat supplement.

Calcium addition did improved the digestibility of EE
of oil supplemented- hay but not affect or decrease the
digestibility of HVO or tallow supplemented hay.
Cellulose was found to be the most negatively affected
constituent in crude fiber by fat supplement.

Fat supplement decreased ruminal pH but had no
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significant effect on VFA’s molar proportions of animals
fed fat supplemented rations either with or without
calcium addition. Ruminal ammonia-N and total VFA's
concentrations significantly decreased by o0il or tallow
supplement but not by HVO supplement.

Blood plasma Ca, Mg and P were not affected by the
treatments. However, plasma total lipids {TL),
triglycerides (TG) and cholesterol increased by feeding
fat supplemented hay. Calcium addition had no signifi-
cant effect on plasma lipids.

Keywords: Fat supplement , calcium addition,
digestibility, rumen fermentation, plasma lipids, sheep

INTRODUCTION

Increasing energy intake by feeding high concentrate
rations to ruminants is limited by the development of
some disorders in digestion and metabolism of ruminants
such as acidosis, low fiber utilization and bloat
(Jenkins and Palmquist 1984). Therefore, fats are added
to ruminant rations to increase their energy density.
However, the digestible energy intake is not often
increased because of the depression in fiber digestion.
Calcium was reported to have a positive effect on
nutrient digestibilities of fat supplemented rations.
Lucerne ash was earlier reported toc reverse the
inhibition of in vitro cellulcsedigestion caused by
added oil (Broocks et al., 1954). Meanwhile, White et al,
(1958) showed that lucerne ash could be replaced by
calcium salts.

The objective of the study was to evaluate the effect
of feeding vegetable oil, hydrogenated vegetable oil or
tallow with or without calcium addition on digestib-
ility, rumen fermentation and lipid metabolites in blood
plasma of sheep.

MATERIALS AND METHODS

Iwenty-four metabolism trails were conducted using
four rations which consisted of unsupplemented herseem
hay or supplemented with vegetable oil (0), hydrogenated
vegetable oil (HVO) or tallow (T) fed to twelve Rahmany
rams (3 years old and 40 Kg body weight) without calcium
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addition in an experiment and with calcium addition in
another (three animals in each treatment). Fat from each
source replaced 5% and calcium carbonate replaced 2.5%
of berseem dry matter in berseem hay rations. Chemical
composition o©of the experimental rations is shown in
Table 1.

Table 1. Chemical composition of the experimental

rations
Without caleium with calcium

[tem

Control  0il HVO Tallow Control 0il  HVO Tallow
Proximate analysis, %

DM 20.2 90.90 91.00 89.4 90.5 89.5 89.7 89.3
Dry matter composition B}
oM 85.4 Bb.6 86.4 B3.4 B2.6 85.9 83.5 B84.2
cP 18.4 17.5 17.8 Tl 18.9 17.4 16.9 18.6
CF 33.5 29.0 26.1 31.9 3149 31.2 30.4 30.8
EE 2.8 7.6 8.4 8.4 2.1 8.0 7.9 8.5
NFE 30.7 32.5 34.1  25.4 29.7 29.3 28.3  26.3
Ash .6 13.4  13.6 6.6 17 .4 14.1 16.5 15.8
Cell wall constituents,%
NDF 58.0 576 '55.7" S51.6 59.9 55.3 57.0 54.0
ADF 37.5 37.3 35.3 36.6 36.6 35.6 37.0 37.4
ADL 7e 7.2 7.0 7.5 T b 7.0 6.7 7.1
Cell. 29.6 30.1 28.3 29.1 29.2 28.6 30.3 30.3
Hemi . 20.5 20.3 20.4 21.0 23.3 19.7 20.0 _ 16.6
Cell. = Cellulose, Hemi. = hemicellulose -

rl

HVO

i

Hydrogenated vegetable oil

Animals were housed in metabolic cages for 14 days
preliminary followed by 7 day collection period and were
fed at a constant rate of 3% DM of body weight. Fresh
water wasg offered ad libitum once a day. Feces and urine
were collected at 8.00 am during the collection period
and representative samples of one tenth of the total
were taken for laboratory analyses. Chemical composition
of feeds and feces were determined according to A.O0.A.C
{1975) and Goering and Van Soest(1970). Rumen fluid was
sampled using stomach tube before feeding, 2, 4 and 8 hr
after feeding from all animals for two consecutive days
at the end of each metabolism trial. Rumen pH was
measured immediately using pH-meter, ammonia nitrogen
(Conway, 1962), total volatile fatty acid concentrations
(Kromann et al., 1967) and molar proportions of volatile
fatty acids (Erwin et al., 196l) were determined.

Blood samples were withdrawn from the jugular vein
before and 4 h. post feeding. Plasma total lipids
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(Boehringer Mannheim GmbH Diagnostica), Cholesterol
(Pointe Scientific Inc.) and triglycerides (BioMerieux
Laboratory Reagents and Instrumentg) were determined

using photometry method. Plasma phosphorus
{Egyptian-American Co. for Laboratory Services) were
colorimetery measured. Calcium and magnesium were

determined using atomic absorption spectroscopy.

Data were analyzed using general linear model (GLM) by
ANOVA procedures of SAS (1982). Means were separated
using Duncan‘s multiple range test at alpha = 0.05 when
the main effects were significant.

RESULTS AND DISCUSSION

Nutrient digestibilities

Nutrient digestibilities are shown in Table 2 (a & b).
Fat supplement, in general, increased the digestibility
of EE in comparison with the control value because of
the high digestibility of supplementary lipids (Jenkins
and Jenny, 1992). Digestibility of EE of supplementary
fat was calculated to be 84.29, 93.03 and 91.29 % for
oil, HVO and tallow without calcium addition,
respectively. The corresponding values with calcium
addition were 94.66, 93.99 and 93.35%.

Table 2a. Effect of dietary fat source and calcium
addition on nutrient digestibilities of

berseem hay fed to sheep
Treatment DM oM cP EE CF NFE
Without calcium

a a a d a a
Control 62.50  62.41 63.48 57.63 55.3 68.68
be bc bc bc c abc
il 57.13 57.40 59.84 76.84  41.29  64.00
ab ab abc ab ab c
HVO 59.92  60.31 62.76 80.50 53.08 &0.74
a a d ab a a
Tallow 62.30  62.92 54.56 79.95 55.15 68.50
With calcium
ab a ab e a ab
Control 60.39  61.71- 62.86 46.06 55.53 &66.96
a a c c a ab
oil 61.4B  62.56 59.69 76.23 56.36  66.02
ab ab abc abc ab be
HVO 59.54 59.98 60.46 79.78  51.51 62.58
c o abc a b d
Tallow 56.07 56.70 61.65 80.80 49.37 55.36
SE 1.06 0.97 0.93 il S 1.59 1.43

a,b.c,.de Means on the same column having unlike superscripts differ (P<.05)
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Digestibilities of CP, CF and NFE of fat supplemented
rations were slightly lower than those of the control
ration. Dry matter and organic matter digestibilities
were not affected by fat supplement. Calcium addition,
in general, decreased the digestibility of EE and NFE
without significant effect on the digestibilities of
other nutrients (Table 2b).

Table 2b. Mean effect and probability of fat source and
calcium addition on nutrient digestibilities

Fat source Calcium
Item Prob. Prob.
Control 0il HVO Tallow 0% 1%
DM 61.5 59.3 59.7 59.2 162 60.5 59.4 163
OM 62.1 60.0 60.2 59.8 113 60.8 60.2 -900
cpP 63.2 59.8 61.6 58.1 .001 60.2 61.2 146
EE 51.9 76.5 80.1 80.3 .000 3.3 T0.7 .001
CF 55.4 48.8 52.1 52.3 .007 51.2° 53.% 112
NFE 67.8 65.0  61.7 61.9 ool 65.5 62.7 015

Without calcium addition, o©0il supplement decreased
(P<0.05) the digestibilities of DM, OM, CP and CF but
had no significant effect on NFE digestibility.
However, HVO decreased only NFE digestibility and tallow
decreased CP digestibility with no significant effect on
the other nutrients. The adverse effect of o0il on
nutrient digestibility had been extensively discussed in
the in vitro study (Allam et al., 1994) that oil
contains high proportion of polyunsaturated fatty acids
which have greater inhibition effect on microbial growth
and cellulelytic activity than the saturated fatty acid
in HVO or tallow.

Calcium addition had no significant effect on the
nutrient digestibilities of the basal ration (control)
except its negative effect (P<.05) on EE digestibility.
The effect of calcium addition on nutrient digestibili-
ties of fat supplemented rations was variable depending
on the source of ‘fat. Calcium addition alleviated
(P<0.0%) the negative effect of oil supplement on the
DM, OM and CF digestibilities. However, it decreased
(P<0.05) the digestibility of DM, OM, CF and NFE but
improved (P<0.05) the CP digestib-ility of tallow
supplemented rations. No significant effect on the
digestibility of HVO supplemented ration of calcium
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addition was detected (Table 2a).

The dependant role of calcium addition on fat source
seemed to be a result of its readily reaction with fatty
acids to form insocluble soap (Jenkins and Palmguist
1984). Moreover, calcium addition with fat supplement
could change the site of digestion (Weakley gt al.,
1990) .

Cell wall digestibility

Data af cell wall digestibilities are shown in
Table 3 (a and b). Digestibility of cell wall fibers
were determined to recognize the most affected
constituent of cell wall by fat supplement. No effect
on NDF but significant decrease (P<.05) in ADF and
cellulose digestibilities of oil supplemented hay was
found. Calcium addition improved the digestibility of
ADF and cellulose except in case of tallow supplement.

Table 3a. Effect of dietary fat source and calcium
addition on digestibilities of cell wall
constituents by sheep

Treatment NDF ADF Cellulose Hemicell.

Without calcium

Control 54.00%° 46.60° 57.00%° 67.80°
0il 51.80 38.50°  46.20° 76.10°
HVO 55.10° 44.80° 50.60°¢ 73.10%
Tallow 55.80° 49.60° 62.00° 66.30°
Wwith calcium
Control 56.00° 45.90° 53.50%  71.80%°
0il 56.30° 49.40° 59.70° 71.90%
HVO 55.20° 47.50° 53.50% 72.40%
Tallow 53.10%° y5.856° 48.40°° 73.00°
SE 1.00 i 1.71 2.06
w,0,C, 0

Means on the same column having unlike
superscripts differ (P<.05).

Hemicellulose digestibility was not affected by either
fat supplement Or calcium addition. Cellulose was the
most affected fiber fraction by fat supplement.
pifferences between the in vive and in vitro nutrient
digestibility values of the same feeds (Allam et al.,
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1994) were noticeable. Thie perhaps is due to that fat
supplement shifts the slite of digestion from rumen to
hind gut and calcium addition reacts to variable extent
with the different fatty acids (Jenkins and Fotouhi,
1990} .

Table 3kh. Mean effect and probabillity of fat source and

calcium addition on digestibilities of cell
wall constituents

Fat source Calcium

Item

Controi 0il HVD  Tallow Prob. 0% 1% Prob.
NDF S50  54.0 55.1 544 NS S4.1 55.2 67
ADF 46.3 43.9 46.2 440 408 449 45.5 NS
Cell. 55.3 53.0 52.0 55.2 ez 53.9 538 146
Hemi . 69.7 740 72.8 69.6 119 70.8 72.3 .330
Cell. cellulose ;_EEEE. hemicellulose

Effect of dietary fat source, calcium addition and
sampling time on ruminal pH, ammonia-N and total
volatile fatty acid’'s concentrations by sheep is shown
in Table 4.

Ruminal pH

Feeding oil or HVO supplemented hay without calcium
addition decreased ruminal pH at all sampling time.
However, ruminal pH of sheep fed tallow supplemented hay
showed comparable values to the control except for the
zero time (before-feeding). Calcium addition had no
significant effect on ruminal pH of sheep fed oil or HVO
supplements but decreased ruminal pH of sheep fed tallow
supplement. Fat supplement was reported to have almost
similar effect on ruminal pH 1like in case of high
concentrate feeding (El-Bedawy, 1989; Henderson 1973).
The wvariable response to tallow in comparison with
vegetable oil supplement again might be due to the ready
reaction of its fatty acids with cations in the rumen.
Ruminal pH decreased two hours post-feeding and showed
almost constant lower pattern than after till eight hr.
post feeding. -
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Table 4. Effect of dietary fat source, calcium addition
and sampling time on ruminal pH, ammonia-N and
total VFA‘s concentration by sheep

Control 0il HVO Tallow

Sampling time 0% 1% 0% 1% 0% 1% 0% 1%
pH (SE= 0.42)

a ab cd e cd cde cd de
Before feeding 7.05 6.96 6.59 6.23 6.56 6.46 671 6.31

a abc d bc d cd ab cd
2 hr post-feeding 6.43 6.14 5.74 6.07 5.73 5.97 6.31 5.86

ab a c abc be c ab abc
4 hr post-feeding 6.02 6.08 5.60 5.78 5.72 5.67 6.01 5.78

a a b b b b a b
8 hr post-feeding 5.94 5.99 5.63 5.54 5.46 5.48 5.97 5.42
Ammonia-N, mg/100 ml{SE =0.18)
Before feeding 3.09 3.46 2.700 3.84 2.78 3.78 2.97 3.16

ab b ab a ab a ab ab
2 hr post-feeding 5.12 4,22 5 5.74 5.03 5.86 5.26 4.74
a ab ab b a ab a ab
4 hr post-feeding 6.17 5.44 5.65 4.58 5.97 5.02 5.95 5.15
a be d cd bc ab cd bcd

8 hr post-feeding 7.40 6.24 4.89 5.18 6.10 6.57 5.31 5.84
VFA's,m.eq./100 ml (SE=2.14)

Before feeding 18.1 17.0 19.8 18.0 20.2 21.7 15.8 18.0
abc a ab c ab a a bc
2 hr post-feeding 20.3 26.1 23.8 18.2 24 .4 26.3 27.9 19.1
a a a = a ab a bec
4 hr post-feeding 22.9 26.3 219 4.4 24 .1 21.0 22.0 16.2
be be ab c a be be be

8 hr post-feeding 15.7 14.8 17.8  11.6 21.9 15.5 15.7  12.5

5,9 MEI7) 3 :
2% Y% Means on the same row within each trait having

unlike superscripts differ (P<.05).

Ruminal VFA‘s concentration

Lower (P=.031) ruminal VFA'S concentrations were
associated with feeding oil or tallow supplemented hay.
calcium addition had no significant effect on ruminal
VFA‘s concentrations (P=.090). The VFA’s concentrations
increased (P=.0001) after feeding. The peak values were
observed at two hr after feeding. The reduction in VFA's
by feeding oil or calcium added tallow supplemented
rations might be due to the low cellulose digestibility
(Doreau et al., 1991 and El-Meddah et al., 1991).

Ammonia-N

0il and tallow supplement decreased (P=.0001) ruminal
ammonia-N concentrations which were also decreased
(P=.0001) by calcium addition. Ruminal ammonia—N
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increased by increasing sampling time reaching its peak
value at two hrs post-feeding and declined thereafter.
Calcium addition decreased the ammonia-N with oil and
tallow supplement but not with the control ration or the
HVO supplement. The decrease in ammonia-N by fat
supplement could be explained by 1) the decrease in
broteolytic activity (El-Meddah et al., 1991) or 2) the
increase in ammonia absorption by rumen epithelium at
high pH (Smith 1975) but the present results referred to
the contrary since lower ruminal pPH was associated with
feeding fat or 3) the increase in the efficiency of
microbial protein synthesis, perhaps due to the partial
defaunation in the rumen. However, inconsistent data
were reported in the literature. Sutton et al., 1983
reported that the last trend seems to be more
acceptable.

Molar proportions of VFA

Neither fat supplement nor calecium addition had
significant effect on molar proportions of volatile
fatty acids (Table 5). Similar results were found by
Bock et al, (1991) and Jenkins and Jenny (1992). The
peak values were observed at 4 to 8 hr after feeding for
acetate and at 2 hr for propionate. Therefore, the
lowest values of acetate: propionate ratio were observed
at 2 hr post-feeding. The molar proportions of butyrate,
iso-butyrate and iso-valerate decreased from time before
feeding to 2 hr post-feeding and leveled off afterwards.

Plasma constituents

Blood plasma levels of Ca, Mg and P or plasma lipid
metabolites were not affected by sampling time (before
or 4 hr post feeding). Therefore data were pooled for
sampling time in Table 6. Fat source, and calcium
addition had no significant effect on Ca, Mg and P in
plasma. Bock et al. (1991) found that feeding tallow or
soybean oil scapstock with two levels of caleium did not
affect serum calcium. Most of hypocalcemia and
hypomagnesemia cases were developed by high lactating
cows fed fat supplements (Steele l984) .,

Although feeding fat supplementeg hay significantly
increased TL, TG and Cholesterol in plasma yet calcium
addition had no effect the increase was more evident by
0il or HVO supplement than that by tallow supplement.
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The increase in plasma lipids might be due to the
depression in lipogenic enzyme activities by liver and
adipose tissue associated with feeding supplementary fat
(Storry 198l1). Feeding long chain fatty acids was
reported to induce shifting in the balance from active
protomeric to inactive polymeric forms of acetyl Co A
carboxylase in bovine adipose tissue (Bauman and Davis
1975).

Table 5. Effect of dietary fat source, calcium addition
and sampling time on molar proportions of
ruminal volatile fatty acids of sheep

Diet Control oil HVO Tallow
Item Ca,% 0 1 0 1 0 1 0 1
Acetate (SE= 5.12)
0 hr 54.41 53.54 52.23 54.44 48.29 54.34 54.34 53.00
2 hr 54.67 56.22 54.B8 56.22 53.06 55.74 56.45 55.05
4 hr 58.09 52.57 5B.B6 59.01 58.16 57.35 S58.24 52.45
8 hr 62.97 60.15 61.11  60.23 61.90 59.70 62.81 59.54
Propionate (SE= 2.32)
0 hr 22.35 21.55 22.82 24.43 23.98 23.13 22.19 23.15
2 hr 28.08 27.79 30.68 27.03 30.96 28.02 26.63 29.23
4 hr 27.32 26.05 27.13 26.23 27.90 26.B8 26.47 27.55
B hr 24.57 24.20 25.27 25.70 24.84 24.94 2447  25.84
Butyrate (SE=0.98)
0 hr 9.49 11.48 13.55 11.02 12.82 11.30 11.49 11.98
2 hr 10.50 10.60 10.03 9.68 10.98 9.94 11.31  8.90
4 hr 10.07 9.82 10.12 9.48 9.63 9.48 10.11 8.7
8 hr 2.30 11.36 10.92 10.85 10,49 11.03 10.05 11.37
Iso-butyrate (SE= 0.08)
0 hr 3.23 6.74 3.82 315 &, 27 3:83 4 .05 4.07
2 hr 2.19 1.47 1.12 1.50 1.31 1.61 1. 51 1.49
4 hr 1.80 1.25 0.63 113 0.78 1.26 117 1.02
8 hr 0.48 0.70 0.35 0.67 0.43 0.92 .69 0.54
Iso-valerate (S5E=0.13)
0 hr 4,44 7.30 &.36 5.26 6.27 5.9 5.97 5.94
2 hr 2.91 1.95 1.46 240 1.63 2.36 2.05 2.03
4 hr 1.08 1.19 0.53 1.21 0.55 1.22 1.11 0.90
8 hr 0.27 0.51 0.13 0.53 0.22 0.88 0.42 0.25
Valerate (SE=0.21)
0 hr - 1.08  1.49 1.39 1.70 1.37 1.49 1.99 1.76
2 hr 1.64 1.97 1.8 3.17 2.06 2.70 1.99 5.3
4 hr 1.66 3.1 2.59 2.93 2.98 3.81 2.90 3.36
8 hr 2.41  2.09 2.7 2.03 2.1 2.45 1.56 2.45
Acetate:propionate ratio (SE=0.16)
0 hr 2.66 2.49 2.29 2.24 2.06 2:35 2.46 2.29
2 hr 1.95 2.02 1.79 2.10 1.74 1.99 2.12 1.90
4 hr 2oty 2.2 2.18 2.23 2.11 2.14 2.20  2.13
8 hr 2.58 2.49 2.42 2.35 2.50 2035 2.57 2.30
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Table 6. Effect  of dietary fat source and calcium
addition on plasma cations and lipids (mg/dl}

of sheep
diet Control 0il HVO Tallow
item Ca,% 0 1 0 1 0 1 0 1 SE
Plasma cafions
¢ ab b a b b be a
Ca 8.91 .41 9.23 9.94 9.30 9.27 217  9.69 0.46
b - o h b h A be
Wg 1.85  1.66 1.90 1.85 1.72  1.82 2.06 1.1 0.14
b a a b a a a ab
B 5.73  6.10 6.20 5.71 6.06 6.08 6.07 5.78 0.32
Plasma tipids
d cd ab ab ab a abc abc
T 159 195 325 337 313 51 269 281 32
d bed ab ke a abc ab

G 35.% 43.9 50.2 53.3 44.0 56.1 471 51.2 3.9
d cd b a b ab b b
Ch 41.2 47.0 63.6 91.2 58.2 71.1 59.8 61.1 9.3

aB,€.8 eans on the same row within each trait having
different superscripts differ (P<.05).

TL total lipids, TG triglycerides,Ch cholesterol

The higher plasma total cholesterol associated with
fat feeding especially oil or HVO than that by tallow,
despite that vegetable oils are cholesterolree free
agreed with the findings of Schauff gt al. (1992). It
might be related to that dietary poly- unsaturated long
chain fatty acids in vegetable oil may stimulate the de
novo cholesterol synthesis in rats compared with
poly-saturated fatty acids (Kritchevsky and Tepper
1965). Moreover, Mayes (1991) found an increase in
endogenous cholesterol when the cholesterol intake was
low.

It could be concluded that vegetable oils had adverse
effect on digestibility more than tallow. The simple way
of calcium addition was effective to reverse the
inhibition effect of vegetable oils but not with tallow.
Perhaps, more complicated calcium supplement as calcium
soap could be beneficlial with tallow. No adverse effects
on rumen fermentation or animal health associated with
fat supplement were obnerved.
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