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SUMMARY

The study was carried out to produce protected fat from industrial waste (soap-
stock) on semi-industrial scale and to evaluate rwo levels of supplenentation in
finishing diets of Friesian bulls. Ten tons gf calcium salts of fatry acids (Ca-SFA) was
prepured from soap-stock on semi-industrial scale. Protected far way added in peilet
Jormt as a surplus ar rate of 4% and 8% of rotal dry matter intake of basal diet
{control} of 18 Friesian bulls (375 Kg) in three similar groups. Processing had not
influenced the proportion of fatty acids of seap-stock and the product is aimost
insoluble at pd 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 significently affected
by feeding Ca-SF supplemented rations.

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

It could be conciuded that soap-stock as an industrial waste could be efficiently
utilized as animal feed o prepare protected fat which could be successfully
incorporated up to 8 % of ration DM of fattening bulls.

Keywards: Friesian bulls, calciwm salts of farty acids, growth.
INTRODUCTION

Under intensive systems of ruminant production and the high genetic potential for
meat and milk production, higher amount of cereal grains are required in the diets to
increase digestible energy intake. This high need for energy, the negative effects of
excess starch feeding and the increased availability of {eed-grade fats has led to
renewed interest in using fat to increase density of diets for ruminants (Palmquist and
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Jenkins. 1980, On the other hand, fat addition to ruminant yations depresses fiber
digestion in rumen (Paimquist and Jerkins, 1982}, Such ruminal fermentation
problems could be minimized, or even efiminated by feeding calcium salts of fatty
acids (Jenkins, 1994).

Protected fat is widely used at commercial level for meat and milk production in
the developed countries, but has a Hmited use 1n the developing ones because fat or
il used for preparing such protecied fat are mostly consumed by human.

Soap-siock as one of the by-preducts of oil and soap industry containing not less
than 60% falty acid was used us a source of fatty acid to prepare protected {at in order
to reduve fat feeding cost. environmental pollution and cowmpetition of human and
animals on fat sources,

The @im of. this study was to produce protected fat from industrial waste {soap-
stock) on semi-industrial scale and 1o evaluate two levels of supplementation in
finishing diets of Friesian bulls.

MATERIALS AND METHODS

Ten tons of calcuum salts of faity acids {Ca-SFA) was prepared from soap-stock
on semi-industrial scale at Cairo Qil and Soap Co. Soap stock was treated with 14%
calcium chloride (40% w: v solution) under steam at i30°F in a processing kettle,
The product was skimmed and air dried at room temperature to about 80% DM. The
produced Ca-SFA was peltetted in 1 cm length and 3 mm diameter. Chemical
composition of Soap-stock and s cafcium salts is shown in Table 1. Physical and
chemical tests including solubility test (Sukhija and Palmguist 1990), fatty acid
composition {A.Q.C.S., 1973) were carried out. The relative low ether extract vatues
does not represent the true fat content because such materials need to be analyzed as
acidified ether exiract 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 experimentat
period.

Concentrate mixture and rice straw were fed according to the biweekly body
weight and body weight gain in amounts to cover the NRC (1984) recommended
allowances. Pellets of the protecied fat were added as a surplus 10 groups 2 and 3 at
rate of 4% and 8% of foral intake {rom concentrate and roughages. Animals were
individuatly fed twice a day ar 08.00 and 16.00 being watering at 10.00 and 17.30
p-m. Chemical composition of feed ingredients and expertmental rations are shown in
Tables 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 (AJA) technique {(Van
Keulen and Young, (977). Therefore, each nutrient digestibility represemed an
average of six values. During the digestion trials, animals were fed at 06.30 and
18.30 hrs and grap samples were collected at 00.00 and 18.00 hr. Chemical
composition and gross energy of feeds and feces were determined according to
A.OAC (1990). Acidified ether extract of Ca-SFA was determined as described by
Drackley er al. (1985).

AL the end of the last digestibility trials, rumen fluid samples were collected by
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using stomach tube before and 4 hrs post feeding for two consecutive days. Ruminal
pH, total VFA's concentrations {(Kromann et @!l., 1967), molar propartions of VFA's
(Erwin et al., 1961}, nitrogen fractions (A.Q.A.C., 1990), microbial protein (Shuliz
and Schultz, 1970), ammonta-N (Conway, 1978), protozoa count {Abou  Ef-Naga
(1967), total farty acids {A.O.C.5., 1973) and free fatty acids {(Itaya and Ui, 1965)
were determined.

Blood samples were withdrawn from the left jugular vein of the same three
replicates at the end of the lass digestion trials, before morning meal. Red and white
blood cells were counted in whole blood samples. Plasma total lipids, triglycerides
and chaolesterol were determined using commerciat kits (Biomerieux 69280 Marcy-1,
Etoile, France® ). Free fatty acids {Itaya and Ui, [965) and calcium (A.0.A.C,
1990) were atso determined,

Statistical analysis was carried out using MSTATC (1989). Digestibility and
performance data were analyzed as one-way analysis of vanance according lo the
following model | Y=41 + x; +e
Where:

Y= observation

= mean

x; the effect of treatment for 1=1-3. | control, 2 = 4% CaSFA and 3 =8 %
CaSFA

e; = experimentat error

Rumen and blood data were statistically analyzed as two-way anatysis of variance
according to the following model | Y= s X, +X+ x5 .85
Where:

Y= observation

U= mean

%; the effect of treatment for 1=1-3, 1 control. 2 = 4% CaSFA and 3 = 8 % CaSFA

x; the effect of sampiing time for I=1.2 1 before feeding and 2 = 4 hrs post
feeding

ey = experimental error

Duncan's Multiple Range Test (Duncan, 1955) was used to separate the means
when the main etfect was significant.

RESULTS AND DNSCUSSION

In coimparison with soap stock, the product contained less organic matter and
more ash mainly calciom due to calcinm chloride treatment of soap during the
processing practices. The fow EE in the product {calcium soap) 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 o preparation
process as 4 decrease in the short chain and an increase in tong chain fatty acids,
Generally, processing had not influenced the proportion of fatty acids of soap-stock
as shown in Table 2.



22 El-Bedawy et al.

Table 1. Comparative composition of seap-stock and its ealcium salt

Ttem Soap-stock Calcium salt of
soap-stock

Dy matter, % 69.54 97.00

DM composition. %

Organic matter 93.56 88.34
Ether extract 12.44 5.16
Ash 6.44 11.66

Calciwm 0.68 9.45
Sodium 5.53 0.55
Energy keal/g 8.00 8.14

Fatty acid composision, %

Total fatty acids 81.12 84.24
Saponified fatty acids 78.79 83.18
Un-saponified fatty acids 2.33 1.06
Non suponified materials 1041 4.16

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

ftem Soap-stock Calciam salt of
Soap-stock

Caproic C6:0 2 0
Cubrilic C8:0 21 20
Cabric Cig:0 27 26
Lauric Ci2:0 l 1
Mynstic  Cl4:0 2 2
Palmitic  C16:0 4 5
Stearic C18:0 ] 9
Oleic Ci8:1 19 20
Linoleic C18:2 14 i5
Linoleinic C18:3 2 2

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 was soluble in HCl at pH values of 2 1o 3 . The solubility test proved that the
product is almost insoluble at pH from 4-6 at different soaking time up 10 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 = 5.5, less than 5 at pH=6
and about 1% at pH=6.5,

Chemical composition of the ingredients (Table 5) and composition of the
experimental rattons {Table 6) showed that the three rations were comparable in
nuirient contents except the EE which was higher in the treatment ration, being
8.93% for the 4% Ca-SFA and 11.93% for the §% Ca-SFA supplemented ration.
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Table 3. Physical proprieties of the calcium salt of soap stock fatty acids

Trait

Color Yellow
Form Peticts
Pellet length I-1.5cm
Diameter 3 mm
Solubility in water Insoluble
Solubility in HCt acid (pH 2-3) Soluble
Solubility in ether Insoluble

Table 4. Effect of time and pH on the solubility (%) of the calcium salt of soap

stock at 25°C

Hours

PR 5 2 i 5 g i0 2
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 contposition of the experimental ingredients
ftern 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 3.51 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 - 890 24.90 11.66
Energy, kealf kg 4275 3580 8144
Fable 6. Composition of the experimental rations
Item Contro) 4% Ca-SFA 8% CaSFA
Ingredient, %
Concentrate mixture 64.03 61.80 59.84
Rice straw 35.97 34.36 32.92
Ca-SFA - 3.84 7.44
Chemical composition, %
Dry matter 91.11 93.i4 91.63
Dy matter composition
Ovganic matter 85.34 85.49 85.65
Crude protein 11.18 10.78 10.43
Crude fiber 21.28 2042 19.58
Ether extract 574 8.93 11.93
N-free extract 47.14 45.36 43.71
Ash 14.66 14.51 14.35
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Dry matter intake by the treated groups increased by about 4 % and 8% which are
the same ratios of fat addition. However, energy as DE or TDN intakes were higher
(P<0.03) for the fat supplemented groups than the controf one by about 15% for 4%
Cua-SFA and 25% for 8% Ca-SF groups (Table 7). This increase in energy intake
could indicate the positive effect of fut addition on energetic value of the fat
supplemented diets (Table 9). The effect of added fat on energy intake is variabie
among studies. Added fat sometimes increases digestible energy imake 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).

Table 7. Dry matter, energy and protein intakes by the experimental groups

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

Concentrate mixture 7.37 741 7.48

Rice straw 4.14 4.12 4.09

Ca-SFA 0.00 0.46 .93

Total 11.51 11.99 12.50 0.03
DM intake. Kg/100 Kg 271" 2.80" 2.89° 0.02
DM intake, g/ Kg W*" 123¢ 127 132° 14
Roughage, % 35.99° 34.36" 32.75° 0.06
Digestible energy intake

M cal /h/day 31.69° 37.33" 41.18" 0.39

M cal/ 100 Kg BW 7.47 8.7¢0" 9.52" (.09

M cal/ Kg w7 339° 396" 434° 4
TDN intake

Kg / h/day 7.02° 8.08" 8.94" 0.07

Kg/ 100 Kg BW I.66° 1.88° 2.07° 0.62

G/ Kg W7 75.1¢ 85.7" 94.3" 0.8
DCP intake

G / h/day 771 778 750 20

G/ 100 Kg BW 182 181 180 10

G/ Kg wh” 8.25 8.25 8.23 0.22

“2< Means in the same row having different superscripts differ (P<0.03)

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 (Ngidi er af., 1990). The
development in body weight is itlustrated in Figure 1. The difference among the
experimental groups was not obvious before 45 day, then the 8%-Ca-SFA group
showed heaviest body weight, followed by the 4%-Ca-SFA group more than control.

Adding far did not improve feed conversion ratio as energy units required to
produce | Kg gain. This could be attributed to that the high energy intake from the fat
supplemented rations had not been met by comparable increase in body weight.
White e af. {1992) found thut effictency of steers was not affected by fat supplement.

Diigestible protein conversion to gain was betier in the fat supplemented group
than the unsupplemented one. It could refer to that dietary fat could compensate and
save dietary protein {Wu er a@l., 1991).
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Table 8. Body weight gain and feed conversion ratio of the experimental groups

Item Control 4% Ca-SFA 8% Ca-SFA SE
Initial body weight, Kg 375 374 374 2
Finat body weight. Kg 474 483 491 2
Gain, Kg 9 111 17 3
Average daily gain, g/h/day 824 927 979 29
Feed conversion rutio
DM, Kg/ Kg gain i4.07 13.G0 12.80 0.44
DE, Mcal / Kg gain 38.74 40.47 4215 G.75
TDN. Kg / Kg gain 8.59 8.77 0.16 0.31
DCP, g/ Kg gain 945 844 799 41
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Figure 1. Body weight change during the 120 day experimental period

Fat supplement increased the digestibility of ether extract which resulted in higher
digestibility of OM, DM and energy. Digestibilities of crude protein, crude fiber and
nitrogen free extract were not affected by fat supplement (Table 9) . The high EE
digestibility of far supplemented rations might be due to the high digestibility of
added dietary fat (El-Bedawy er uf., 1994). Crude fiber was not affected by added fat
which could indicate that added fat was protected and did not affect the cetlulolytic
activity in the rumen,



26 El-Bedawy et al.

Table 9. Effect of dietary protected fat on nutrient digestibilities by the

experimenial groups
liem 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" 0.72
Crude protein 64.01 64.02 63.90 .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 7200 73.45 1.66
Enerey 69.13" 75.45° 7704 0.79
Nutritive value
DE Mcal/Kg DM 2.76° 341t 330" 0.03
TDN, % 61.05° 67.39" 71.56° (.64
DCP, % .70 6.49 6.25 .17

*hMeans in the same row having different superscripts differ (P<0.05)

Adding fat mmproved the energy value but slightly decreased the DCP of the
experimental rations. El-Bedawy (1993) found that TDN value was improved by
feeding Ca-SFA supptemented diets but DCP values were not improved.,

Al 4 hr post feeding, pH values were lower but the total molar proportion of ait
rumen volatile fatty acids were higher than those before feeding (Table 10}, Effect of
sampling time was more obvious than the effect of dietary rreatment.

Table 10. Effect of dietary protected fat on ruminal pH and volatile fatty acids

Coatrol . 4% Ca-SFA ., 8% Ca-SFA

ltem 0 5 g i V0 xS
PH 624" 571" 626" 568 635 578 0.4
685"  827° 483" B11° 669" 7.80°" 038
ml
Molar proportion of falty ucids
Acetate 5486 63.12 5666 35240 5571 6162  3.52
Propionate 2264 2541 2316 20651 2500 2849 3.05
Butyrate (.12 13.41% 965 1243 876" 109%™ 0.57
Iso-butyrate (.95 130" 090" 104" 095" 108" 012
Valerate 1.82 222 1.93 257 2.07 267 029
Iso-valerate 125" 1700 12t el 128t 166t 001
A/P ratio 2.66 2690 273 257 255 244 043

“4 pMeans in the same row having different superscripts differ (P<0.05)

Adding dietary fat did not affect nitrogen metabolism in the rumen as shown in
Tabte 11, Ruminal protozoa count was higher for fat supplemented groups and at4 h
post feeding than that before feeding. However, dietary supplementation of sunflower
seed oil (6% of DM) to sheep dramatically reduced protozoa numbers in rumen fluid
within 3 days {rom approximately one mittion to fewer than 200,000/m! (Ivan ez al.,
2001).
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Table 11, Effect of dietary protected fat on ruminal nitrogen, fatty acids and
protozoa count.

Control . 4% Ca-SFA ,, 8% Ca-SFA

0 4 V0 4 0 4 SE

[tem

Totwal nitrogen.mg/100 204 219 203 218 200 218 8
m)

Non protein nitrogen, 72° 83" 73° 83" 73° g2° 3
mg/t00 mt
Ammonia nitrogen. 13° 18 12° 18* 12 17 1

mg/ 100 ml
True protein nitrogen, 132 136 131 136 128 136 7
mg/ 130 ml

Microbiatl protein 82 84 87 94 84 95 5
nitrogen. mg/ 100 m}

Protozoa count x 412 494° 480° 576" 496° 589° 0.2}
10%ml

Total fatty acids 14.00°  17.80™ 2098™ 32.05° 31.40° 352.40° 540
mg/gDM

Free fatly acids, 400 297" 451" 406 594 494 033
m mol/

“ Means in the same row having different superscripts differ (P<0.05)

Red blood cell count increased by feeding {at while white blood cell count
showed no change. Feeding protected fat incrensed the plasma concentrations of
lipids and calcium {Tabie 12). Palimquist and Conrad (1978} attributed the high blood
piasma lipids of fat supplemented cows to the greater quantity of fatty acids absorbed
from fat supplemented diets than the control ones.

Table 12. Effect of dietary protected fal on blood cell counts, plasma lipids and
calcium

Item Control 4% Ca-SFA 8% Ca-SFA SE
Red blood cells x 10%/ml 5.66 6.00 6.03 0.04
White blood cells x 107 /mi 6.33 6.30 0.30 0.20
Plasma total lipids, mg/100 mi 509° 581° 596 14
Plasma wighlycerides, mg/100 ml 63" 12¢° 134" 8§
Flasma cholesterol, mg/100 mi 196" 286° 300° 10
Plasma free FA, g M/100 mi 19.31° 32.02° 38.83" 1.38
Plasma calcium, mg/100 ml 0.2% 10.90" 1162 0.24

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