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SUMMARY

The study was carried out to produce protected fat from industrial waste (soap-stock) on semii-
industrial scale anc to evaluate two levels of supplementation in finishing diets of Friesian bulls,
Ten tons of calcium salts of fatty acids (Ca-SFA) was prepared from soap-stock on semi-industrial
scale. Protected fat was added in pellet form as a surplus at rate of 4% and 8% of total dry matter
intake of basal diet (rontrol) of 18 Friesian balls (375 Kg) in three similar groups. Processing had
not influenced the proportion of fatty acids of soap-stock and the product is almost insoluble at pH
from 4-6.

Nutrient intake as TDN and DE (P<0.05) increased by about 15% for 4% Ca-SFA and 25% for
8% Ca-SFA groups. Final body weight, average daily gain and protein efficiency improved,
however, energy utilization had not significantly affected by feeding Ca-SF supplemented rations.

Digestibilities of EE ,OM, DM and energy increased but digestibilities of crude protein, crude
fiber and nitrogen free extract had not been affected by fat supplement. Also, ruminal frmentation
and nitrogen metabolism were not significantly affected except an increase in protozoa count and a
decrease in ruminal pH. Ca-SFA increased the concentrations of plasma lipids and calcium,

It could be concluded that soap-stock as an industrial waste could be efficiently utilized as
animal feed to prepare protected fat, which could be successfully incorporated up to, 8 % of ration
DM of fattening bulls.
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INTRODUCTION for ruminants (Palmquist and Jenkins,
1980). On the other hand, fat addition to

Under intensive systems of ruminant ~ ruminant rations has depressed fiber
production and the high genetic potential digestion in rumen (Palmquist and
for meat and milk production, higher ~ Jenkins, ~ 1982).  Such  ruminal
amount of cercal grains are required jn  fermentation  problems  could  be
the diets to increase digestible energy minimized, or even eliminated by feeding
intake. This high need for energy, the calcium salts of fatty acids (Jenkins,

negative effects of excess starch feeding 1994). L
and the increased availability of feed- Protected fat is widely used at
grade fats has led to renewed interest in commercial level for meat and milk

using of fat to increase density of diets  Production in the developed countries,
but has a limited use in the developing

Issued by The Egyptian Society of Nutrition and Feeds




El-Bedawy et al.

ones because fat or oil that used for
preparing such protected fat are mostly
consumed by human.

Soap-stock as one of the by-products
of oil and scap industry containing not
less than 60% fatty acid was used as a
source of fatty acid to prepare protected
fat in order to reduce fat feeding cost,
environmental pollution and competition
of human and animals on fat sources.

The aim of this study was to produce
protected fat from industrial waste (soap-
stock) on semi-industrial scale and to
evaluate two levels of supplementation in
fimishing diets of Friesian bulls.

MATERIALS AND METHODS

Ten tons of calcium salts of fatty
acids (Ca-SFA) was prepared from soap-
stock on semi-industrial scale at Cairo
Oil and Soap Co. Soap stock was treated
with 14% calcium chloride (40% w: v
solution) under steam at 130° F in
processing kettle. The product was
skimmed and air dried at room
temperature to -about 80% DM. The
produced Ca-SFA was pelletted in 1 em
length and 3 mm diameter. Chemical
composition of  Soap-stock and its
calcium salts is shown in Table 1.
Physical and chemical tests including
solubility test (Sukhija and Palinquist

Concentrate mixture and rice straw
were fed according to the biweekly body
weight in amount to cover the NRC
(1984) requirements. Pellets of the
protected fat was added as a surplus to
group 2 and 3 at rate of 4% and 8% of
total intake from concentrate and

‘roughages. Animals were individually

1590), fatty acid composition (A.0.C.S., -

1973) were carried out. The relative low
ether extract values does not represent
the true fat content because such
materials need to be analyzed as acidified
ether extract as shown in Table 5.

Eighteen Friesian bulls of about 375
Kg body weight were randomly allotted
into three similar groups. Animals were
adapted for the experimental rations two
weeks before data collection. Initial body
weight of the experimental animals is
shown in Table 8. Animals were weighed
every two weeks during 120 day
experimental period.
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fed twice a day at 08.00 and 16.00 being
watering at 10.00 and 17.30 p.m.
Chemical  composition of feed
ingredients and experimental rations are
shown in Table 5 and 6.

Two sets of digestion trials were
carried out at mid and end of the
experimental period using three
replicates applying the acid insoluble ash
(AIA) technique suggested by Van
Keulen and Young (1977). Therefore,
each nutrient digestibility represented an
average of six values. During the
digestion trial, animals were fed at 06.30
and 18.30 hrs and grape samples were
collected at 06.00 and 18.00 hr. Chemical
composition of feeds and feces was
determined according to A.Q.AC
(1990). Acidified ether extract was
determined as described by Drackley et
al. (1985).

At the end of digestibility trial, rumen
fluid samples were collected by using
stomach tube before and 4 hrs post
feeding for two consecutive days.
Ruminal pH, total VFA's concentrations
(Kromann et al, 1967), molar
proportions of VFA's {(Erwin et al,
1961), nitrogen fractions (A.O.A.C,
1990), microbial protein (Shultz and
Schultz, 1970), ammonia-N (Conway,
1978), protozoa count (Abou El-Naga
(1967), total fatty acids (A.0.C.S., 1973)
and free fatty acids (Itaya and Ui, 1965)
were determined.

Blood samples were withdrawn from
the left jugular vein before morning
meal. Red and white blood cells were
counted in whole blood sampies. Plasma
total lipids, triglycerides and cholesterol
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were determined using commercial kits
(Biomerieux 69280 Marcy-1, Etoile,
Francc®). Free fatty acids (Itaya and Ui,
1965) and calcium (A.O.A.C., 1990)
were also determined.

Statistical analysis was carried out

using MSTATC (1989). Digestibility and
performance data were analyzed as one-
way analysis of variance according to the
following model: Y= p + x; +g;
Where: Y= observation, p= mean, x; the
effect of treatment for 1=1-3, 1 control, 2
= 4% CaSFA and 3 = 8 % CaSFA, ¢; =
cxperimental error

Rumen and ©blood data were

statistically analyzed as two-way analysis
of variance according to the following
model : Y= p + x; +Xj+ X;+€4%
Where: Y= observation, p= mean, x; the
effect of treatment for 1=1-3, 1 control, 2
= 4% CaSFA and 3 = 8 % CaSFA, x; the
effect of sampling time for 1=1-2 1
before feeding and 2 = 4 hrs post feeding
€x = cxperimental error. Duncan’s
Multiple Range Test (Duncan, 1955) was
used to ceparate the means when the
main cffect was significant.

RESULTS AND DISCUSSION

In comparison with soap stock, the
product contained less organic matter and
more ash mainly calcium due to calcium
chloride treatment of soap during the
processing practices. The low EE in the
product (calcium scap) was a result of
washing off for un-saponified fatty acids
and non-saponified materials from soap-
stock, which improved the quality of the
product compared to the soap-stock, the
original raw material (Table 1).

Minor differences in fatty acid
composition were observed due to
preparation process as a decrease in the
short chain and an increase in long chain
fatty acids. Generally, processing had not
influenced the proportion of fatty acids of
soap-stock as shown in Table 2.
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Physical proprieties of the calcium
salt of soap stock fatty acids are
presented in Table 3. The tests showed
that the product was not soluble in either
water or alcohol but soluble in HC1 at pH
value of 2-3. The solubility test proved
that the product is almost insoluble at pH
from 4-6 at different soaking time up to
12 h. At lower pH (2-3), about 80% of
the soap was soluble (Table 4). This
might indicate that the product could be
insoluble in the rumen environment but
soluble in abomasum. Sukhija and
Palmquist (1990) found that Ca-SFA of
palm fatty acids was stable at pH = 5.5,
dissociation was recorded to be less than
10% at pH = 3.5, less than 5 at pH=6 and
about 1% at pH=6.5.

Chemical composition of the
ingredients (Table 35) and the
composition of the experimental rations
in Table 6 showed that the three rations
were comparable in nutrient contents
except the EE which was higher in the
treatment ration being 8.93% for the 4%
Ca-SFA and 11.93% for the 8% Ca-SFA
supplemented ration.

Dry matter intake of the treated group
increased by about 4 % and 8%, which is
the same ratio of fat addition. However,
encrgy as DE or TDN intakes were
higher (P<0.05) for the fat supplemented
groups than the control one by about
15% for 4% Ca-SFA and 25% for 8%
Ca-SF groups (Table 7). This increase in
cnergy intake could indicate the positive
effect of fat addition on energetic value
of the fat supplemented diets (Table 9).
The effect of added fat on energy intake
is variable among studies. Added fat
sometimes increases digestible energy
intake less than expected when added fat
is poorly digested or when added fat
reduces digestibility of the basal diet due
to the inhibition of fiber digestion in the
rumen (Jenkins, 1994).
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Table (1): Comparative composition of soap-stock and its calcium salt

Item Soap-stock Calcium salt of Soap-stock
Dry matter, % 69.54 97.00
DM compaosition, %

Organic matter 93.56 88.34
Ether extract 12.44 5.16
Ash 6.44 11.66
Calcium 0.68 ' 9.45
Sodium 5.53 0.55

Energy kecal/g 3.00 3.14

Fatty acid composition, %

Total fatty acids 8112 84.24
Saponified fatty acids 78.79 83.18
Un-sapenified fatty acids 2.33 1.06
Non saponified materials 10.11 4.10

Table (2): Fatty acid composition, % of soap stock and its calcium salt.

Item Soap-stock Calcium salt of Soap-stock
Caproic Cé6:0 2 i
Cabrilic C8:0 21 20
Cabric Cl10:0 27 26
Lauric C12:0 1 1
Myristic  C14:0 2 2
Palmitic ~ C16:0 4 5
Stearic Ci8:0 8 9
Olcic Cl18:1 19 : 20
Linoleic  C18:2 14 15
Linoleinic C18:3 2 2

Table (3): Physical proprieties of the calcium salt of soap stock fatty acids.

Trait

Color - Yellow
Form Pellets
Pellet length 1-1.5¢cm
Diameter 3 mm
Solubility
In water Insoluble
In HCI acid (pH 2-3) Soluble
In cther Insoluble
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Table (4): Effect of time and pH on the solnbility (%) of the calcium salt of soap

stock at 25°C.
H Hours

P 0 2 4 6 8 10 12
2 0 60 70 75 80 82 88
3 0 56 60 63 77 78 80
4 0 1 3 3 3 4 6
6 0 1 2 2 2 3 3
Table {5): Chemical composition of the experimental ingredients
Item Concentrate Mixture Rice straw Ca-SFA
Dry matter, % 90.20 93.00 97.00
Dry matter composition, %
Organic matter 91.10 75.10 88.34
Crude protein 15.50 351 0
Crude fiber 15.47 31.60 0
Ether extract* 8.30 1.19 88.34
N-free extract 51.83 38.80 0
Ash 8.90 24.90 11.66
Energy, kcal/ kg 4275 3580 8144
* Acidified ether extract
Table (6): Composition of the experimental rations
Item Control 4% Ca-SFA 8% Ca-

SFA

Ingredient, %
Concentrate mixture 64.03 61.80 59.84
Rice straw 35.97 3436 32.72
Ca-SFA - 3.84 7.44
Chemical composition, %
Dry matter 91.11 93,14 01.63
Dry matter composition
Organic matter 85.34 85.49 85.65
Crude protein 11.18 10.78 10.43
Crude fiber 21.28 20.42 19.58
Ether extract 5.74 8.93 11.93
N-frec extract 47.14 4536 43.71
Ash ) 14.66 14.51 14.35
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Feeding fat supplemented rations during
120 day-finishing period increased final
body weight, total weight gain and
average daily gain (Table 8). The
increase was not proportional with the
increase in dietary fat level (Ngidt 7 al.,
1990). The development in body weight
is iliustrated in Figure 1. The difference
among the experimental groups was not
obvious beforc 45 day, then the 8%-Ca-
SFA group showed heaviest body weight,
followed by the 4%-Ca-SFA group more
than control.

Adding fat did not improved feed
conversion ratio as energy units required
to produce 1 Kg gain. This could be
attributed to that the high-energy intake
from the fat supplemented rations had not
been met by comparablc increase in body
weight. White et al. (1992) found that
cfficiency of steers was not affected by
fat supplement.

Digestible protein conversion to gain
was better in the fat supplemented group
than the unsuppiemented one. It could
refer to that dictary fat could compensate
and save diectary protein (Wu et al.,
1991).

Fat  supplement increased the
digestibility of ether cxtract, which
resufted in higher digestibility of OM,
DM and encrgy. Digestibilities of crude
protein, crude fiber and nitrogen free
cxtract had not affected by fat
supplement (Table 9). The high EE
digestibility of fat supplemented rations
might be due to the high digestibility of
added dietary fat (El-Bedawy et al.,
1994). Crude fiber was not affected by
added fat, which could indicate that
added fat was protected and did not
affect the cellulotic activity in the rumen.

Adding fat improved the cnergy value
but slightly decreased the DCP of the
experimental rations. El-Bedawy (1995)
found that TDN value was improved by
feeding Ca-SFA supplemented diets but
DCP values were not improved.
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At 4 hr post feeding, pH values were
lower but the total molar proporiions of
all rumen volatile fatty acids were higher
than those before feeding (Table 10).
Effect of sampling time was more
obvious than the effect of dietary
treatment.

Adding dietary fat did not affect
nitrogen metabolism in the rumen as
shown in Table 11. Ruminal protozoa
count was higher for fat supplemented
groups and at 4 h post feeding than that
before feeding. However, dietary
supplementation of sunflower seed oil
(6% of DM) to sheep reduced protozoa
numbers in rumen fluid dramatically
within 5 days from approximately
million to fewer than 200,000/ml (Ivan et
al., 2001).

Red blood cell count increased by
feeding fat while white blood cell count
showed no change. Feeding protected fit
increased the plasma concentrations of
lipids and calcium (Table 12). Palmguist
and Conrad (1978) attributed the high
blood plasma lipids of fat supplemented
cows to the greater quantity of fatty acids
absorbed from fat supplemented dicts
than the control ones.

t could be concluded that soap stock
as an industrial waste could be cificiently
utilized as animal feed to prepare
protected fat which could be successfully
incorporated in rations of fattening bull
up to 8 % of dry matter.

ACKNOWLEDGMENT

The authors are indebted 1o all staff
members of the By-products Utilization
Section, Animal Production Rescarch
Institute for their kind help. Many thanks
arc also due to Mr. Ahmed Ebied the
head manager of (Cairo Qil & Soap
Co.,), Mr. Ahmed Sad Agric. Eng. and all
stuff in the same company for kind help.



Egyptian J. Nutrition and Feeds (2005)

Table (73: Dry matter, energy and protein intakes by the experimental groups.

Item Control 4% Ca-SFA 8% Ca-SFA +SE
Dry matter intake, Kg/h/day

Concentrate mixture 7.37 7.41 7.48

Rice straw 4.14 4.12 4.09

Ca-5FA 0.00 0.46 0.93

Total 11.51 11.99 12.50 0.03
DM intake, Kg/100 Kg 2.71° 2.80° 2.89* 0.02
DM intake. g/ Kg W*” 123° 127° 132° 14
Roughage, % 35.99° 3436 32.75° 0.06
Digestible energy intake

M cal h/day 31.69° 37.33 41.18 0.39

M cal/ 100 Kg BW 14T 8.70 9.52° 0.09

Mcal/ Kg W~ " 339° 396° 434° 4
TDN intake

Kg/Wday 7.02° 8.08" 8.94" 0.07

Kg/ 100 Kg BW 1.66° 1.88° 2.07° 0.02

g/ Kg w*?” 75.1° 85.7° 54.3° 0.8
DCP intake

g/ Wday 771 778 750 20

g/ 100 Kg BW 182 181 180 10

g KgW"” 8.25 8.25 8.23 0.22

a,b,e Means in the same row having different superseripts differ {(P<0.05)

Table (8): Body weight gain and feed coaversion ratic of the experimental groups.

Iiem Control 4% Ca-SFA 8% Ca-SFA  =SE
Initial body weight, Kg 373 374 374 2
Final body weight, Kg 474 485 491 2
Gain, Kg 99 111 117 3
Average daily gain, g/h/day 824 927 979 29
Feed conversion ratio
DM, Kg/Kg gain 14.07 13.00 12.80 0.44
DE. Mcal / Kg gain 38.74 40.47 42.15 0.73
TDN, Kg/Kg gain 8.59 8.77 9.16 0.31
DCP, g/ Kg gain 945 844 799 41

181



El-Bedawy et al.

Table (9): Effect of dietary protected fat on nutrient digestibilities by the

experimental sroups.

Ttem Control 4% Ca-SFA 8% Ca-SFA  £SE
Nutrient digestibility, %
Dry matter 63.71° 65.74% 67.36° 0.23
Organic matter 66.77° 69.04* 70.26 0.73
Crude protein 64.01 64.02 63.90 1.52
Crude fiber 59.27 59.42 59.28 0.77
Ether extract 70.64° 83.88" 83.54° 1.06
N-free extract 70.59 72.10 73.45 1.66
Encrgy 69.13° 75.15° 77.04° 0.79
Nutritive value
DE Mcal/Kg DM 2.76° 3.11° 3.30° 0.03
TDN, % 61.05° 67.39° 71.56° 0.64
DCP, % 6.70 6.49 6.25 0.17

a,b,e Means in the same row having different supzoscripts differ (P<0.05)

Table (10); Effect of dietary protected fat on ruminal pH and volatile fatty acids

Control 4% Ca-SFA 8% Ca-SFA
Ttem 0 3 0 3 0 n 1SE
oH 624 571° 626° 568 635 578  0.14
Total VFA’s meq/100ml  6.85° 827° 6.83° 811° 6.69° 7.80® 038
Molar proportion of fatty acids:
Acctate 54.86 63.12 56.66 52.46 5571 61.62 3.52
Propionate 22.64 2541 2316 2651 25.01 2349 3.05
Butyrate 10127 13.11° 9.65¢ 12.43* 876° 1095 0.57
Iso-butyrate 0.95  1.30° 090° 1.04° 095® 108%° 012
Valerate 1.82 222 193 257 207 267 0.29
Iso-valerate 125 1.70° 121 161 1.25° 166" 0.1l
A/P ratio 266 269 273 257 255 244 043
a,b,c,d Means in the same row having different superscripts differ (P<0.05)
Table (11): Effect of dietary protected fat on ruminal nitrogen, fatty acids and

protozoa count

Control 4% Ca-SFA 8% Ca-SFA
ftem o 1 5 2 5 y) +SE
Total nitrogen, mg/i00 mt 204 219 203 218 200 218 8
Non protein nitrogen, 72° 83° 73° 83* 73° §2° 3
mg/100ml
Ammonia nitrogen, 13° 18 12° 18 12° 17° 1
mg/100ml
True protein nitrogen, 132 136 131 136 128 136 7
mg/100m}
Microbial protein .
nitrogen, mg/100 ml 82 84 87 94 84 95 5
Protozoa count x 10°/ml  4.12° 474  4380° 576° 496 589" 021
Total fatty acids mg/gDM  14.00° 17.80™ 20.98% 32.05" 31.40° 352,40 5.40
Free fatty acids, mmol/l ~ 4.00° 297° 451° 4.06° 594 494 0.33

*FMeans in the same row having different superscripts differ (P<0.05)
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Table (12): Effect of dietary pratected fat on blood cell counts, plasma lipids and

calcium.
Item Control 4% Ca-SFA 8% Ca-SFA  4SE
Red blood cells x 10°/ml 5.66 6.00 6.03 0.04
White blood cells x 10°/ml 6.33 6.30 6.30 0.20
Plasma total lipids, mg/100 ml 509° 581° 596° 14
Plasma trigtycerides, mg/100 ml 65° 120 134° 8
Plasma cholesterol, mg/100 ml 196" 289° 300° 10
Plasma free FA, pM/100 ml 19.31° 32.02° 38.83° 1.38
Plasma calcium, mg/100 ml 9.23° 1090 11.62° 0.24
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Figure (1): Body weight change during the 120 day experimental period
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