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CHAPTER 1

INTRODUCTION

Since, Avian influenza disease is widespread emergan Egypt and worldwide. This
disease has become a matter of significant reduatisooster production and highly price of
meat and fish. Urgent action is therefore requtcedolve the problems, including increasing
rabbit's production. Rabbit meat is of high quatibd safety. Rabbit is suitable to be raised for
meat production due to its high feed conversioncieficy, high fecundity and short
generation interval. Moreover, rabbits use proteore efficiently than broiler and up to 20%
roughage can be included in their diet. In thaseumstances, it is important to use non-
traditional feeds in animal feeding have low coastl help to raise the product which
decreases the marketing price of animal product&glypt, in general and the new reclaimed
desert lands, in particular, there is a great sigertin animal feedstuffs particularly during
summer season and autumn. Much of the rangelandsrigh and semiarid regions are
dominated by shrub vegetation that represents poriant source of food for ruminants. With
shortages of arable land, feed ingredients andrwateany countries, rabbits can help in food
production by conversion many agricultural bypraduato meat. Generally, there is no need
to use prime forages for rabbit feeding, and tihere need to use grains that are fit for human
consumption. The list of what ingredients can lw®iporated into rabbit feed is enormous and
growing continuously. There are large quantitiestdized inexpensive feed resources such as
Acacia in the desert and newly reclaimed areass @bacia is widely distributed in tropical
and subtropical Africa from Egypt and Mauritania $outh Africa. Some subspecies are
widespread in Asia as far east as BurAwcia saligna is perennial legume shrubs that gives
green forages around the year and grows in mangas anear fresh and salt water on sandy
soils. It is used for soil fixation, as a fuel, vabor fence plant and is available throughout the
year. Acacia is also a fast growing species, wiah maintain active growth during the dry
season (Maret al., 1995; Hua and Bee-Lian, 2000). The green biomgaisls in three
harvests up to 16 months after planting was 2hédd ha (Maret al., 1995). The content of
CP in Acacia foliage is relatively high; around 1g@er kg DM, but the intake of Acacia by
goats is low compared to other shrubs (Mtal., 1995; Duyeret al., 1996). Forbest al.
(1994) reported that acacia contain high conceotratiof numerous amines and alkaloids.
These compounds are characterized by the facthigitcontain nitrogen and are to a greater
or lesser extent toxic. It has been used for godtsheep feeding in different research works.
The information in the literature about includiAgacia saligna in rabbit's nutrition is scant.

The susceptibility of rabbits to various infectiatiseases and high mortality of young
rabbits after weaning, however, hinder the develpnof the rabbit industry. Weanling
rabbits often suffer from diarrhoea, which is the@jon cause of their mortality. Coliform
bacteria (mainlhEsherichia coli) are normal inhabitants of the intestinal tractrany animal
species. In the intestine of health rabbits theiunts are low, 10— 10" per g intestinal
contents. In rabbits with enteritis, however, tbaaentration oE. coli exceeds 10g (Cortez
et al., 1992). Digestive problems caused by enteropathogEnicoli strains are often
responsible for high morbidity and mortality of yaurabbits after weaning, and consequently
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for important economic losses in rabbit farms (is¢ca2004). Rabbit breeders widely use
antibiotics to control enteritis infections. Theeusf antibiotics, however, is viewed critically
in recent times. Some were banned totally; someived no renewal of their license as a
measure of preventive consumer protection. Therea ipressing need for harmless
antimicrobial substances suitable for rabbits nayad Organic acids have been used for
decades as food and feed preservatives. Some wf ffegmic, fumaric, citric) positively
influence the growth and feed conversion ratio igfgis (Partanen and Mroz, 1999). Several
studies report the inhibitory effect of organicdscagainst. coli —formic and propionic acid
(Cherringtonet al., 1990), lactic acid (Dibner and Buttin, 2002) anddimen-chain fatty acids
(Marouneket al., 2003); in the latter studies the authors showedatitenicrobial effect of
organic acids towaré. coli was pH-dependent. Many researchers reported teetie#ness
of formic acid as antimold agent like Tzatzara@8(@0).

The objective of the present work was to studyedfiect of feeding growing rabbits
different levels ofAcacia saligns leave meal as desert forages without or with smpphtation
of two types of organic acids, (acetic or propioamds), on growth performance, carcass
traits, digestibility coefficients of nutrients, ratological and blood biochemical
characteristics. In addition, organic acids weral@ated as diet preservatives and to determine
their effective concentrations as antifungal sutxsta.
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CHAPTER 2

REVIEW OF LITERATURE

2.1 Chemical composition of acacia leave meal (ALM)

Variability in nutrients composition among the piroate chemical analysis of (ALM)
was reported by Abd EIl- Galil and Khider (2000)agdan and Abd EI- Aziz (1979); Abou EI-
Naseret al. (1996) and EI- Shaer (1984) found that the comrfarage species grown
naturally in the desert varied widely in their cheah and mineral contents and palatability.
Most of shrubs contained moderate crude proteinhagld of ash and fiber constituents but
lower amount of soluble carbohydrates. The valdi€dR%, CF%, EE%, NFE%, and Ash% in
(ALM) found by these researchers was nearly sintdathose of Abdel Sames al. (1992,
1994), El-Eraky and Mohamed (1996) and Abd El- IGatid Khider (2000) who reported
16.58, 16.48, 16.20 and 17.0% for crude proteind2,720.73, 21.30 and 20.90% crude fiber;
3.56, 5.36, 5.50 and 5.40% ether extract; 48.47274442.40 and 27.30% NFE; 7.51, 9.34,
9.70 and 9.30% Ash, respectively. They indicated thgher EE and CP contents of (ALM)
permit its using as an energy source in rabbitde@tiey also suggested that the crude fiber
content of (ALM) is equal to that found ibuceren hay which is usually used in rabbit
feeding.

Akbar and Gupta (1985) considered leucaena leat mem good source of protein.
Veroce (1986) and Craigt al. (1991) found that phosphorus deficiencies in takiom to
phosphorus ratio in foliage, besides that potassaadium and sulphur were low.

Ghazalahet al. (1998) recorded the chemical composition of leucdeahmeal and
found that the DM, CP, EE, CF, NFE and Ash was ®02¢.63, 5.61, 16.64, 40.07 and 10.06
respectively.

Soteloet al. (1999) Studies the chemical composition, digd#and antinutritional
factors content of two wild legumeS&typhonolobium burseroides and Acacia bilimekii
collected in a semi-arid zone of Mexico. They répdrthat both legumes had high fiber
content. The seeds &typhnolobium burseroides had low protein content (14%), and the pod
a high content of reducing sugars. However the seédcacia bilimekii had a high protein
concentration (35%). The seed proteins were lowulphur amino acids and tryptophan in
both legumes but were rich in lysine. Trypsin intuls and lectins were present in low
concentrations; alkaloids and cyanogenic glucosicere not detected.

The chemical composition of ALM showed wide vaoatidue to differences in
varieties of date, environmental and climatic ctinds and the processing method; crude
protein i.e. 15.20%, Dry matter 27.10%, organic ter80.90%, NDF50.30%, ADF 27.70%
and ADL 11.90% (Ben Salert al., 2000).

Dry matter content of berseem hay was higher thahdf freshAtriplex halimus and
fresh Acacia saligna (89.42vs, 27.98 and 37.93, respectively), Fréghplex halimus
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contained higher crude protein than berseem hay feexh Acacia saligna which were
comparable (18.17 vs. 13.15 and 13.76%, respeglilelwever, freshAtriplex halimus
contained less crude fiber and nitrogen free ekttaan berseem hay and fresh Acacia (18.22
vs. 32.2 and 25.5% and 39.28 vs. 41.43 and 49.2¢ectively ).On the other hand, fresh
Atriplex halimus contained higher ash than berseem hay and frestiagA(21.87 vs. 10.56 and
8.83%, respectively) Ibrahimt al. (2000).

Bahattaet al. (2005) study the chemical composition of acaciatigidoand found that
the DM, OM, CP, NDF, ADF, Cellulose and ADL were648, 884.8, 139.6, 262.8, 126.7,
76.0 and 58.2 respectively.

In 2006, Rubanzet al., reported that native pasture hay (basal diet) hsigraficantly
the lowest (P < 0.05) CP of 25.5 g Kg-1 DM complatiee sun- driedAcacia nilotica, Acacia
polyacanta and Leucaena Leucocephala leaf meal (159, 195 and 187 g KipM,
respectively).

Higher levels of CP in browse supplements compé#oeoasal diets were consistent
with reported higher CP levels CP Atacia nilotica (140- 150 g Kg -1 DM) andicacia
polyacantha (180- 190 g Kg-1 DM) (Abdulrazakt al., 2000; Rubanzat al., 2003 and
Rubanzeaet al., 2006).

Cenci et al (2006) found that ALM contained considerable amsuof NFE and
moderate levels of CP, CF and EE. Moreover, thearmogmatter (OM) content of Acacia
mearnsii grass might give an idea about the nugrietiization and energy content.

Abd El- Galil and Khider (2000yeported that the Mineral analysis showed higher
concentration of K followed by P, Mg, Ca and Na. dug the microelements, Fe was in
higher concentration (7.4 mg / 100 g dry weightjoiwed by Mn, Zn and Cu.

Abd EI- Galil (2001) studied the chemical analysfsleucaena leaf meal and found
that the values of DM, CP, EE, CF, NFE and Ash W&, 24.46, 6.33, 14.94, 44.71 and
9.34, while that of calcium, sodium, phosphorus,ABDF, and ADL were 2.41, 0.13, 0.18,
36.87, 21.51 and 8.22, respectively.

Additionally, Kamelet al. (2005) reported that ALM contained 16.98% crude gamt
2.5% ether extract, 16.8% crude fiber, 4.84% agh 4$518% Nitrogen free extract (on dry
matter basis).

Kekengiet al. (2001) and Rubanzt al (2005a) reported high levels of CPLaducena
Leucocephala leaf meal in the semi- arid areas of Tanzania.

2.2. Nutrient utilization of acacia leave meal (ALM:
Drying Acacia cyanophylla foliage under shade or in the sun reduced the cmade
tannins (CT) content, but sun drying was more &ffitthan drying in the shade (Ben Salem
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et al., 1999). The reason could be that drying probabkulted in a complex formation
between tannins and protein and/or oxidation ofitascausing a decrease of extractable CT
concentration in Acacia foliage (Goldstein and Swab63).

Many legume trees and shrubs species have beeneepms be useful for feeding
livestock, (Topps, 1992). These trees and shrubsire green even during droughts and
maintain a relatively high crude protein contenbtighout the year. The contribution of trees
and shrubs to livestock nutrition is important iranginal lands of semi arid and tropical
regions, (Devendra, 1989). The foliage of thesestiand shrubs may be used as a protein and
energy supplement when animal are given low quatitiyghage during the dry season or when
pasture availability is low (Bhattacharya,1989 &wkdet al., 1990).

Abdel- Sameeet al. (1992) reported that the digestibilities of most riauts
significantly decreased with increasing acaciadsan the ration of the rabbits.

El-Eraky and Mohamed (1996) indicated that digdgybof crude protein and ether
extract were higher in the rabbits fed 15% ALM. Hmer, they decreased in the groups
received 30% ALM as compared to control.

El-Gendy (1999) showed that dietary inclusion ci@aa leave meal up to 30% in the
diet instead of clover hay did not negatively affewtrient digestibility and nitrogen
utilization in growing NZW rabbits.

Abd El- Galil (2000) observed that there were rgngicant differences to be noticed
in digestibility of EE and NEF among the differeaxperimental diets containing 20, 40, 60
and 80% acacia leaves meal. Also DCP and TDN% dtdsmgnificantly differ among the
different experimental group by increasing substtupercentage of acacia leave meal up to
20-30% in the rabbit diets.

In the study of Ramchuret al. (2000), NZW rabbits were fead libitum on complete
rabbit pellets or in a combination of Star grassklibitum along with 50 g/day of mash
concentrate as supplement. Results showed tha tirere no differences (P > 0.05) in dry
matter and organic matter digestibility. Digesiiilof protein was higher for the Star grass
diet than for the control (P < 0.05) but was lo\{e 0.05) for all cell wall components.

Robyn and Anthony (2002) found that the in vitry dnatter digestibility (IVD)) of
acacia foliage has been determined for only a spaaltentage of the Australian species but
available data indicated that it is relatively loanging from 28.9% to 55.0%. This relatively
low dry matter digestibility is probably associateih the high lignin content of the cell wall.

Using sheep, Reed al. (1990) reported that animals fed forage from acabes
decreased fiber digestion as a result of the ragéllof condensed tannins in acacias.

Ibrahiumet al. (2000) resulted that the apparent digestibility @foyry matter (DM),
organic matter (OM) and nitrogen free extract (NFE)the experimental diets fed to the
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growing lambs were significantly (P < 0.05) desexh as a result of changing type of
roughage by replacing berseem hay (control diett) Atriplex halimus plus Acacia saligna in
experimental diets. But crude protein (CP) and erfiloer (CF) digestibilites are not affected.

2.3. Effect of Acacia leave meal (ALM) on Rabbit pdormance:

2.3.1. Live body weight and body weight gain (BWG)

In an early study, Odonker (1979) found that therage growth rates of rabbits over 8
weeks fedad libitum on 100% complete rabbit pellets, or 80, 60, 40020% complete rabbit
pellets plud_eucaena Leucocephala (Mauritian Acacia) were 29.1, 28.6, 27.1, 25.0, 17.2 and
9.5¢g/d respectively. They concluded thatiaena may be provided up to 40% of the rations
without unduly depress in live weight gain.

Abdel Sameet al. (1992) reported that willing greefcacia leaves freelyad libitum
in growing diet can substitute up to 40% of thecamirate without adverse effects on growth.
Also, El- Eraky and Mohamed (1996) found that bagsight was significantly (P < 0.05)
increases in rabbits fed on the diet contained AB&tia leaves as compared to control diet.

Ghazalahet al. (1998) cleared that leucaena leaf meal can be us&@% in rabbit
diets up to 9 weeks of age without significant efffen performance.

El- Gendy (1999) found that during 9- 13 weeks @é,dive body weight, total body
gain and daily body gain were affected insignifitarby the dietary treatment ddcacia
leaves meal (10, 20, 30%). Abd El- Galil and Khi¢2000) resulted that using 20&g¢acia
leaves meal (ALM) caused significant increase idybweight and weight gain of growing
rabbits, while 10, 30 or 40% of levels did not skeovany significant changes compared to the
control.

Abd El-Galil (2001) found the final live weight andeight gain values were
significantly varied (P< 0.01) among the different experimental groupsbli®a fed on
leucaena leaf meal up to 20% recorded the lowest final hveight and weight gain, while,
those fed on control diet recorded the highest one.

Kamel et al. (2005) studied the effect of replacementAgicia saligna leave (ACL)
by part of rabbit concentrate diet. Four diets watedied (0, 20, 40, 60% of acacia leaves).
The results showed that body weight and body weggim did not significantly differ by
feeding 20 and 40% levels of acacia compared tdaralodiet. But the high level of acacia
caused a significant (P0.05) decrease in body weight and body weight.gain

2.3.2 Feed intake (Fl)

Intake ofAcacia saligna widely vary, ranging from 20.8 g/kg/day, Reetchl. (1990),
32.6 g/kg/day, Dumancic and Le Houerou (1981) asttvéen 2.9 and 13.4 g/kg/ day, Degen
(1997). These differences in intakes could belatted to the variable tannin contents.
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El-Eraky and Mohame@1996) found that feed intake increase with the incragsin
level of acacia level meal in diet. However, EI-@g (1999) showed that dry matter intake as
g per Kg W was significantly (P < 0.05) higher abbit fed diet 20% acacia leaves meal than
in those fed diet (control) and 30% acacia leavealm

The results of the study carried out by Abd El-ilGatd Khider (2000) suggested that
feed intake increased significantly (P < 0.05) witke increasing level of acacia leave meal. It
is clear that partial substitution of control didtg 40% (ALM) increased feed intake by
27.25% more than that of the control treatment.

Abd El-Galil (2001) found that feed intake incredsggnificantly (P< 0.05) with
increase of leucaena leaf meal by 10.11% more ttigtrof control groups. Also, Kamet al.
(2005) found that feed intake did not significandljfer by feeding 20 and 40% levels of
Acacia saligna compared to control group. On the other handhighk level of acacia (60%)
caused a significant (P < 0.05) decrease in fetadén

2.3.3._Feed conversion ratio (FCR) and feed eficye

Abd El-Sameest al. (1992) found that feed conversion ratio did not ¢eaby feeding
80 or 60% concentrate plus acacia leave meal apamau to rabbits fed the control diet. But
the results obtained by El-Eraky and Mohamed (198irated that feed conversion ratio was
improved when rabbits fed diets containing differewels of acacia up to 30% in comparison
with control rabbits.

Ghazalahet al. (1998) found that feed conversion ratio decrease¢l wwcreasing the
level of leuceana leaf meal in the diet when comgdo those rabbits fed the control diet free
from leuceana leaf meal.

On the other hand, the results presented by El-dBE€0999) showed that the feed
conversion ratio (Kg feed/ Kg gain) values werellest (P< 0.05) in the rabbits fed the diet
containing 30% acacia or the control diet thanhiose rabbits fed 10 and 20% acacia leave
meal.

Abd EI- Galil (2000) suggested that rabbits recegisapplemented diets with 30 - 40%
acacia leave meal were to some extent less in deadersion ratio compared to the other
groups which received 0, 60, and 80% of acacidair tdiets. The same author (2001) also,
showed that substitution of rabbit diet by 20% karma leaf meal significantly decreased feed
conversion ratio by 19.11% than that of the conggaup due to increase in feed intake and
the reduction of daily body weight gain.

In an experiment conducted by Kanetl al. (2005), they demonstrated that feed
conversion ratio in NZW rabbits fetacia saligna leave meal up to 40% showed no adverse
effects on feed conversion ratio compared to cbrgroup. On the other hand, high level
(60%) of acacia caused a significant <P 0.05) deterioration in feed conversion ratio as
compared to the other experimental groups.

16

7 This PDF was created using the Sonic PDF Creator.

SON
=~{ To remove this watermark, please license this product at www.investintech.com



2.3.4._ Mortality rates (MR)

In the study of Ramchurat al. (2000), twelve, forty-five-days old, New Zealand
White rabbits were allocated to two treatments legyt in separate cages. The first treatment
(control) was fedad libitum complete rabbit pellets and the second treatnt&@) (vas fed a
combination of Star grasxl libitum along with 50 g/day of mash concentrate as suppleme
The results find that there were no health probldorghg the experimental period.

Abd El- Galil (2001) showed that feeding differéexels ofleucaena leaf meal had a
highly significant effect on mortality rate amorigetdifferent treatment groups. It is worthy
noting that mortality rate of the group fed contdi¢t and those fed 5%ucaena leaf meal
recorded the lowest value (5%), while the groupdext containing 20%eucaena leaf meal
recorded the highest value (15%).

2.4. Slaughter traits:

Abdel- Sameet al. (1992) reported that willing green Acacia leaveglfrad libitum
in the growing diets up to 40% plus pelleted cotrzdes did not cause any changes in the
dressing percentage, liver, testes and kidneyivelateight.

El-Eraky and Mohamed (1996) found that there wassigmificant difference in
slaughter yield of growing rabbits feed diets comtey up to 30% acacia leaves in the diets in
comparison with control rabbits.

Using leuceana leaf meal, Ghazalakt al. (1998) revealed no significant effects of
leuceana leaf meal on carcass characteristics and chemacaposition of NZW rabbits meat
up to 20% of the diets as compared to the rabbdglfet free ofeuceana leaf meal.

El- Gendy (1999) showed that percentages of eactiredsing, carcass. giblet and
alimentary tract weights were insignificantly atied by feeding rabbits on a diet containing
up to 30% acacia leaves meal. This level did neteskly affect dressing, carcass, giblets or
alimentary tract percentage.

Abel- Galil and Khider (2000) found that feedingpging rabbits on diets containing
up to 40% acacia leave meal (ALM) did not diffeatstically in carcass traits among the
different feeding groups. Carcass weight and kidrieyer, head, heart, spleen, lung and
ceacum relative weight did not differ among therf(@0, 40, 60 and 80%) acacia leave meal.

Abd EI- Galil (2001) showed that, it is worthy nagi that substituting control diet with
leuceana leaf meal up to 20% did not significantly incredase cecum full of content weight
percentage as compared to control. Also, Kaghal. (2005) showed that the carcass weight
and kidney, liver, head, heart, spleen, lung aratwe relative weight did not differ among
the four acacia leaves levels (20, 40, 60 and 8@%dmparison with control.
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2.5. Blood characteristics:

2.5.1. Hematological parameters

There were no histological changes and no sigmfiazhanges in hematological
parameters in male or female rats at the top dested with young Wistar rats that fed gum
Arabic at dietary concentrations of 0% (two congobups), 1, 2, 4, 8 and 20% for 13 weeks
(Andersoret al., 1982).

Al- Redhraimanet al. (2003) reported that the decrease in Hb, RBCs and &C
rabbits could indicate anemia evidenced by anyifsigmt increase in MCV and significant
decrease in MCHC values.

Kamel et al. (2005) showed that there were no significant ina@easHb content and
RBCs when fed 20% level of acacia in the diet arBiC4 also increased when rabbit were fed
on low and medium levels of acacia (20 and 40%)pamed with control.

In a study carried out by Cenet al. (2006), they indicated that the values of
hemoglobin and hematocrit in the serum were withormal levels and no significant
differences between the groups of animals fed acamntaining diet and those fed the control
diet.

2.5.2. Blood biochemical parameters

Wadoodet al. (1989) administered powdered seedsAofcia arabica and roots of
Caralluma edulis in doses of 2, 3 and 4 gm/kg body-weight to norarad alloxan-diabetic
rabbits. The blood glucose levels were estimatddréeand 2, 4, 6 and 8 hours after the
administration of plant suspension. The powdereddseof Acacia arabica exerted a
significant (P less than 0.05) hypoglycemic effechormal rabbits. The hypoglycemic effect
was not significant (P greater than 0.01) in alltoxigabetic rabbits. From this study it may be
concluded that the powdered seed®Acdcia arabica act by initiating the release of insulin
from pancreatic beta cells of normal rabbits.

Abdel-Sameeet al. (1992) found that the activities of AST and ALT didt change
among control group (100% concentrate) group 2 (&@fcentrate + 20% green acacia),
group 3 (60% concentrate+ 40% green acacia) andpgdo(40% concentrate+ 60% green
acacia).

El-Eraky and Mohamed (1996) found that no significehanges were found in total
protein, albumin, globulin and urea between thatinents growing rabbits fed on 15 and 30%
acacia leave medHowever, they reported that NZW rabbits fed actedaes up to 30% for 8
weeks showed no significant changes in total pnotgibumin, globulin, total lipids, urea and
creatinine, while serum GOT and GPT showed nonifsignt change in groups fed 10%
acacia leaves.

El Gendy (1999) showed that inclusion of acaciadeaeal up to 30% in rabbit diets
had no adverse effects on serum total protein,nailbuglobulin, total lipids, GOT, GPT,
Urea-N and creatinine of rabbits as compared térocbrabbits.
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Al-Mustafa and Dafallah (2000) investigated thegmbial toxicity of Acacia nilotica in
rats maintained on 2 and 8% acacia diets for 24awedeks. Their results showed a significant
reduction in body weight in all acacia-fed groupsl @ significant decrease in the levels of
hemoglobin; serum total protein and total choledter animals fed 8% acacia diet for up to 4
weeks were observed. These effects were, howeegersed one week after treatment
termination.

Al-Redhaimanet al. (2003) who fed rats on 10% acacia abyssinica diethose
receiving the plant extracts, the occurrence oflmphrotoxicita is supported by the elevated
AST,ALT activity and urea concentration and the rdased levels of total protein and
albumin.

Kamel et al. (2005) suggested that a significant and gradualedserin plasma total
protein, aloumin (A), globulin (G), A/G ratio andugose were observed in rabbit given high
level of acacia. Also they observed an increasglasma urea of group fed on high level of
acacia and the percentage of increase was 122.84pared with the control. While they
demonstrated significant and gradual increase asrpé total bilirubin, AST and ALT were
observed in rabbits given high level (80%) of aaaci

In a study carried out by Cengtial. (2006) stated that the values of total protein, urea
phosphorus and calcium concentrations in the semere within normal range and no
significant differences between the groups of afsned acacia containing diet and those fed
the control diet.

2.6. The beneficial effect of feed additives:

Minor quantities of specific components (natunabgnthetic origin) inclusion in diets
are a common practice in the poultry feed induskhese components which are called feed
additives can be classified into two categoriese Tinst are essential for the biological
function of birds such as vitamins and trace eldsmérhe second category includes additives
which are not essential for this function but haenonstrated a positive effect upon birds
including growth promoters, antimicrobial agent'schinological additives, absorption
enhancers, metabolic modifiers, probiotics and pytgctics (Namuet al., 1988).

Since 1967, the use of antibiotics in farm animads growth promoter has been
questioned. More recently, in the late 80's and 8@'ong regulatory actions have removed
most of the antibiotic growth promoters from the&pean Union market, and the last one was
removed in January 2006. In the same way Egypt (Bavent removed all antibiotic growth
promoters from the poultry production in 2006.

The adjustments following the withdrawal of theseducts in animal production have
been difficult at times and many replacement sohgihave been proposed, more or less
successfully, by the feed additive industry. Ihat easy to replace products that have proven
to be generally efficacious for the last 50 years.
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2.7. The use of organic acids:

Organic acids have been used for decades in fesskgwation, protecting feed from
microbial and fungal destruction or to increase piheservation effect of fermented feed, e.g.
silages. In particular formic acid and propioniddabave been used extensively for this
purpose.

Gulamet al. (1987) found an obvious anti-mould activity of &ceacids when used
against different types of fungi which was indichby the reduction of total fungal count.

Mike Rankin(2004) reported that the technologiesdufor preserving hay harvested
above optimum moisture levels is to apply orgamidsto the hay at harvest time. The use of
organic acids has proven to be an effective stydtagpreserving baled hay. Because of when
hay is baled and put into storage at moderate oreisievels (18 - 30%), a favorable
environment exists for the growth of undesirabletbaa, fungi, and yeast. Both moisture and
temperature drive the population growth of theseromrganisms. Fungi such Aspergillus
and Fusarium can produce a wide range of toxic metabolites greatly reduce hay
palatability.

In poultry production, organic acids have not gdires much attention as in pig
production. One reason for this may be that thellt®segarding weight gain and feed
conversion ratio following dietary addition of orga acids are not as convincing as the results
from pig production (Langhout, 2000). However, asipoe influence on either feed
conversion ratio or growth performance has beeworte@ for fumaric acid, propionic acid,
sorbic acid and tartaric acid (Vogtal., 1981; Vogtet al., 1982).

A very important objective of dietary acidificatiols the inhibition of intestinal
bacteria competing with the host for available ieutts, and a reduction of possibly toxic
bacterial metabolites, e.g. ammonia and aminess tmproving weight gain of the host
animal. Furthermore, the growth inhibition of pdteh pathogen bacteria and zoonotic
bacteria, e. g&. coli and Salmonella, in the feed and in the gastroimigstract are of benefit
with respect to animal health. In poultry produntiorganic acids have mainly been used in
order to sanities the feed considering problemhk saimonella infections (Hinton and Linton,
1988; Iba and Berchieri, 1995; Berchieri and Barr@96; Thompson and Hinton, 1997).

Organic acids (&C-7) are widely distributed in nature as normal cdaostits of plants
or animal tissues. They are also formed throughrabial fermentation of carbohydrates
mainly in large intestine (Partanen and Mroz, 199%ey are also found in their sodium,
potassium or calcium form.

2.7.1. The mode of action of organic acids

Different aspects of the working mechanism of orgaacids with respect to their
antibacterial activity are given in the review ads of Cherringtoret al. (1991) and Russell
(1992). The antibacterial activity of organic acidgelated to the reduction of pH, as well as
their ability to dissociate, which is determinedthg pKa-value of the respective acid, and the
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pH of the surrounding milieu. The antibacterialiatt increases with decreasing pH-value.
Organic acids are lipid soluble in the un-dissadatorm, in which they are able to enter the
microbial cell. However, carrier-mediated transpokchanisms seem to be also involved in
the membrane transport. Once in the cell, the sdiehses the proton in the more alkaline
environment, resulting in a decrease of intracaflpH. This influences microbial metabolism
inhibiting the action of important microbial enzysnand forces the bacterial cell to use energy
to release protons, leading to an intracellulauaudation of acid anions. This accumulation
depends on the pH gradient across the membraneaditienion seems to be very important
regarding the antibacterial effect of organic aads their salts. Several investigations have
shown a strong bactericidal effect of organic asithout significantly decreasing the pH-
value in the gastrointestinal tract. Generallyitaecid bacteria are able to grow at relatively
low pH, which means that they are more resistaotrganic acids than other bacterial species,
e. g. E. coli. An explanation for this may be that gram-positivacteria have a high
intracellular potassium concentration, which pre@da counteraction for the acid anions
(Russell and Diez-Gonzalez, 1998). Generally th&émacrobial effect of organic acids
increases with increasing concentrations and isargdength of the carbon chain. However,
gram-negative bacteria are able to uptake and migablong and medium-chained organic
acids. Furthermore, vegetative cells are more ge@$0 organic acids than the corresponding
spore forms.

In 1999, Brul and Coote related the mode of aatiborganic acids on bacteria to:
1) Undissociated organic acids entering the baadteell.
2) Bacteria membrane disruption (leakage, trangpedhanisms).
3) Inhibition of essential metabolic reactions (eikglucolysis).
4) Stress on intracellular pH homeostasis (norraatdyia pH is + neutral).
5) Accumulation of toxic anions.
6) Energy stress response to restore homeostasis.
7) Chelating as permeabilizing agent of outer memérand zinc binding.

The key basic principle on the mode of action @famic acids on bacteria is that non-
dissociated (non-ionized) organic acids can peteetitee bacteria cell wall and disrupt the
normal physiology of certain types of bacteria tivat call "pH sensitive" meaning that they
cannot tolerate a wise internal and external pHligrda. Among those bacteria we hake
coli, Salmonella spp, C. perfringens, Listeria monocytogenes, Campylobacter spp Upon
passive diffusion of organic acids into the baetewhere the pH is near of above neutrality,
the acids will dissociate and lower the bacteri@rimal pH, leading to situations that will
impair or stop the growth of bacteria. On the oth@nd, the anionic part of the organic acids
that cannot escape the bacteria in its dissocfated will accumulate within the bacteria and
disrupt many metabolic functions and lead to oscptessure increase, incompatible with the
survival of the bacteria.

Organic acids exert their antimicrobial action boitn the feed and in the
gastrointestinal tract of the animal. Followingtdry intake organic acids are only recovered
from the proximal part of the pig's gastrointedtimact (stomach and small intestine). This is
in agreement with observations that the strongéstteof organic acids with respect to digesta
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pH and antimicrobial activity are found in the semh and the small intestine. In poultry,
pathogen bacteria e. dgalmonella enters the gastrointestinal tract via the crop. The
environment of the crop with respect to microbialmposition and pH seems to be very
important in relation to the resistance to pathsgéfigh amounts of lactobacilli and low pH
in the crop have shown to decrease the occurren&almonella in the crop (Hintoet al.,
2000). Also the antibacterial effect of dietary amg acids in chickens is believed to take
mainly place in the upper part of the digestivett(arop and gizzard). Following addition of a
combination of formic and propionic acid (Bio-Addigh concentrations of these acids could
only be recovered from crop and gizzard (Thompsod Hinton, 1997). A study on the
metabolism of dietary added propionic acid revéads only little if any dietary propionic acid
reaches the lower digestive tract and the caecenédtal., 1993).

2.8. Animal experiments with organic acids:

In order to screen various organic acids for thamti-bacterial effects in
gastrointestinal contents and thereby find cand&l&d replace antibiotic growth promoters in
feed for animals, a batch culture system has bs&bleshed to simulate the major conditions
in the stomach and proximal part of the small itmes(Knarreborget al., 2001, Naughton and
Jensen, 2001). The applicability of thevitro method has been tested in typical screening
experiments where the concentration of various mogacids has been tested against the
growth rate/survival of lactic acid bacteria as Ivaa coliform bacteria and salmonella. The
effect of potassium diformate, a salt of formicdacdn the population changes of coliform
bacteria and lactic acid bacteria was studied @amath content at pH 3, 4, and 5 and in
content from the proximal part of the small intestiat pH 5, 6 and 7. Furthermore, the
antimicrobial effects of six different organic agifformic, propionic, butyric, lactic, benzoic,
and fumaric acid were compared in stomach contepHa4.5 and in small intestinal content
at pH 5.5. Finally, a dose-response experimentlvinvg stomach content at pH 4.5 with
added benzoic acid was conducted. In contrastcteclacid bacteria, coliform bacteria were
unable to grow in stomach content at the pH vailwesstigated. A pH-dependent inhibition of
bacterial growth was demonstrated both in the edrdéthe stomach and the small intestine.
In particular, the growth rate of coliform bactemeas strongly influenced by pH, thus,
showing generation times of 70 min and 25 min atSpéhd 7, respectively. The high growth
rate of coliform bacteria demonstrated in contemtmf the small intestine at high pH
emphasizes the important impact of the transit tomehe colonization of coliform bacteria in
the gastrointestinal tract. Addition of potassiuifomnate reduces the growth rate of coliform
bacteria and lactic acid bacteria at all the pHi@alinvestigated. The comparative studies of
the six organic acids showed that the inhibitinfpatf of the acids was more pronounced in
stomach content than in content from the smallsiitie, properly due to the lower pH in the
stomach content. The killing effect of the orgamaiwds increased in the following way:
propionic acid < formic acid < butyric acid < lactacid < fumaric acid < benzoic acid.
Benzoic acid was superior to the other acids testedxhibiting a bactericidal effect on
coliform as well as lactic acid bacteria in botlorsaich and small intestinal content. As
mentioned above, a recent study with piglets fedied supplemented with benzoic acid
revealed a marked reduction in the density andiactf the gastrointestinal microbiota along
with an improved growth performance of the piglékaribo et al., 2000). In similar
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experiments carried out witBalmonella typhimurium in stomach content at pH 4, it was
found that the killing effect of organic acids ieased in the following way: acetic acid <
formic acid < propionic acid < lactic acid < sorlaicid < benzoic acid.

Farranet al (2001) reported that TMEn and apparent amino aawddability of some
feedstuffs increased as a result of soaking in ¢@ti@acid. They concluded that soaking the
seeds of some feedstuffs in acetic acid at roonpéeature and at 4C improved their
nutritional value.

Bolduanet al. (1988), Sweett al. (1990) and Mathewt al. (1991) reported improved
growth rates when weaning piglets diets were suppiged with propionic acid (from 0 .1 to
1%). In contrast, Giesting and Easter (1985) andcKéret al. (1992) reported that the
addition of 2 or 2.5% of propionate had no benafieiffect on the growth or feed conversion
of weaning pigs; Giesting and Easter (1985) alsmdlodepressed feed intake possibly due to
the pungent aroma of propionic acid.

The use of organic acid can redi€eoli colonization in the gut of piglets (Bolduanh
al., 1988; Mathewet al., 1991 ; Eckekt al., 1992; Gedelet al., 1992b, Isobet al., 1994) as
well as the incidence of diarrhoea (Eidelsbumgei., 1992b); other works have not pointed to
any effects on enteric disorders or on a redudhidhe number of intestinal coliform bacteria
(Suttonet al., 1991 ; Mathewet al. (1991).

Suttonet al. (1991) studied the effect of adding 0.25% Luprd&d-or 0.3% sodium
propionate on short chain fatty acids (SCFA) cotregion and lactobacilli an#. coli counts
in digesta from the stomach, duodenum, caecum alloth an 8 weeks-old piglets. Addition of
the organic acid did not significantly affect anfytbe parameters measured. There was a
tendency to lower acetic acid and total volatil#tyfacids in the colon of animals fed with
Luprosil-NC.

Mathew et al. (1991) added 0.25, 0.5 or 1% Luprosil-NC to a aanttiet, and
measured pH, numbers Bf coli and lactobacilli in stomach, duodenum, caecum athohdn
8 and 12 weeks-old piglets. No effect of additiéthe propionic acid-containing product was
observed in 8 weeks-old piglets. Twelve weeks-a@leps fed Luprosil-NC showed higher
lactobacilli counts in the duodenum than thosetlfedcontrol dietThe number of lactobacilli
in the stomach was only increased in pigs fed 0.2%frosil as compared to the control
group. Moreover, the authors measured a lower t§eoE. coli in the proximal ileum of 4 to
6 weeks-old ileal cannulated wieners fed with 1%prosil-NC, whereas no effect of the
product on pH or lactobacilli counts was detected.

As reported by Ravindran and Kornegay (1993), tatraupplementation to the
weaning piglet diets modified the daily gain an@deconversion efficiency from 11.3 to
14.3% and from 6 to 11.1%, respectively, as congpamecontrol. The best responses were
usually obtained during the first 3 weeks of agebpbly because of insufficient gastric
production of HCI and with level of acid suppleneian higher 30 g / kg of feed. Generally,
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improvements in feed efficiency tended to be moomscstent than body weight gain
improvements.

Gabert (1994) fed diets containing 1.5 or 3% fumaadid or 1.5% Na-fumarate to ileal
canulated weaners. There was no effect of dieherpH of the ileal digesta. However, there
was a tendency to a higher concentration of to@#F/& in the animals fed the experimental
diets as compared to animals fed the control tllsing the same product at a dose of 1.2%,
Overlandet al. (2000) observed a decreasing effect of the acidhennumber of coliform
bacteria in the duodenum, jejunum and rectum oWgrg finishing pigs. On the other hand,
Formi (0.9 and 1.8%) lowered the pH of duodenagslign piglets up to 65 hours post-feeding
(Mroz et al., 2001). Fevrieret al. (2001) fed piglets diets supplemented with 0.9 &%
Formi and observed a reduction of pH, number ofa@ohs and streptococci in the stomach,
and a reduction of coliforms in the colon. No effen lactobacilli in any segment of the
gastrointestinal tract was detected. The authosemkd that Formi has been found to have
growth promoting properties.

Experiments with pigs have shown that several acganids, including citric acid,
fumaric acid, formic acid, and propionic acid havpositive influence on growth performance
(Partanen and Mroz, 1999). It has been reportedtitteanutritive effect of organic acids is
most pronounced in weanling pigs (Gabert and Sai#94; Roth and Kirchgessner, 1998),
which often suffer from digestive disturbances lasg in diarrhea related to infections with
E. coli. Problems at weaning are triggered by a numbéaatdrs. An insufficient production
of hydrochloric acid and digestive enzymes, andfdegling of a pre-starter diet with high
protein content and a high acid binding capacitydéEburger, 1997) have been made
responsible for problems at weaning. Dietary amdifon increases gastric proteolysis and
protein and amino acid digestibility. The acid antwas been shown to complex with Ca, P,
Mg and Zn, which results in an improved digestipibf these minerals. Furthermore, organic
acids serve as substrates in the intermediary rolktab (Kirchgessner and Roth, 1988).

Using rabbits, Scainellet al (1998) reported a linear reduction in daily feethke and
a quadratic effect on feed gain ratio with incragsacetic acid levels (0, 0.5, 1.0 or 2.0%) in
growing New Zealand White rabbit's diet.

Caprylic acid (C8:0) is a compound present in tidgbit milk, active against a variety
of microorganisms. Skrivanova and Marounek (2002)weated the effect of caprylic acid on
growth and mortality of young rabbits. Caprylic chevas added to a granulated feed at 0, 2
and 5 g/kg. Two feeding trials on different farmeres carried out using weaned Hyla 2000
and Hyplus rabbits, 5 weeks old at the start of ékperiment. The results indicated that
caprylic acid had no significant effect on totaligie gains in either trial. No adverse effect of
caprylic acid on feed intake was observed. The alitytof rabbits fed diets with caprylic acid
at 0 and 5 g/kg was 16.7 and 0% (P < 0.05), anda@d32.0% in the *land the ¥ trial,
respectively. It can be concluded that caprylidasicapable to decrease mortality of young
rabbits. Its use seems to be more effective ondavhrere rabbit mortality is high.
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Abeciaet al. (2005) reported that the inclusion of two dosesuofidric acid [5 and 10
g per kg; low fumaric acid and high fumaric acid]a diet for growing rabbits was compared
with a subtherapeutic dose of zinc bacitracin (pfpand a control in terms of apparent
nutrient digestibility and caecal environmentalgmeters. The results showed that there were
no differences between the average fumaric diedscantrol and zinc bacitracin diets on total
tract apparent digestibility of dry matter and engamatter, but a positive response to the dose
of the acidifier was observed® (= 0.05 and 0.07). However, the digestibility ofutral
detergent fiber was not affected by treatments (P18). There was a trend (P = 0.09) for a
higher microbial nitrogen intake as caecotrophedig@ts including fumaric acid. This effect
increased when the fumaric acid dose was doublikdodgh no differences among treatments
were detected in total caecal bacterial counts @iz bacterial concentration tended to be
higher with fumaric diets than with zinc bacitradiet (P = 0.08).

Radwan and Abdel-Khalek (2007) studied the respafissimmer stressed growing
rabbits to some organic acids. Their results shothedl acidification of diets with organic
acids improved productive performance of growingpits.

Results concerning the inclusion of organic acrd$roiler rations are very limited.
The addition of 2% citric acid resulted in an irase of coliform bacteria in the small intestine
(Vogtet al., 1981).

The results presented by Falkowski and Aherne (1884 Izatet al. (1990) showed
that inclusion of organic acids into chicken diethered the populations of intestinal
microflora and reduced the total number of coliferbacteria and microbial total count.

Using male broiler chicks fed to 21 days of agdtePaand Waldroup (1988) added
fumaric acid at 0, .5, 1.0 and 1.5% and calciunmfarwas added at 0, .72, 1.48, 2.20, and
2.89%. All combinations of fumaric acid and calcidormat were evaluated in a 4 x 5
factorial arrangement of treatments. Their resuldécated that addition of .5 or 1.0% fumaric
acid significantly (P< 0.05) improved body weights of broilers but didt mafluence feed
utilization.

In poultry formic acid alone or a combination ofrfoc acid with propionic acid (Bio-
Add™, 68% formic acid and 20% propionic acid) ahoentrations of 0.6% were effective
with respect to the prevention of infection wifalmonella kedougou (Hinton and Linton,
1988) andsalmonella gallinarum (Berchieri and Barrow, 1996).

Schulenbergt al. (1996) revealed that organic acids have antimictpHiainfecting
and hygienic uses in animal feed industry. Theytbthat Mycostat at 0.5 kg/t had the same
activity as liquid propionic acid (98%) at 2 kg/tdhwas shown that a diet containing vinegar
at a dietary concentration of 1.6 ml vinegar/10@igt, for example, enhances the intestinal
absorption of calcium (Kisthet al., 1999).
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Conkova and Para (1997) indicated that body wejgtim of broiler chicks given a
feed mixture containing organic acid (propionicdaat 0.5ml/kg was 5.9% greater than that of
the control.

Bio-Add were reported to reduce the concentratafiiactic acid in the crop of laying
hens, indicating a growth inhibition of lactic adidcteria at this locatiofn vitro experiments
with hens” crop contents, where dietary additionBib-Add was simulated, showed a
bactericidal effect foGalmonella enteritidis (Thompson and Hinton, 1997n an experiment
with broiler chickens infected witBalmonella typhimurium, the addition of 0.36% calcium
formate and 0.25% formic acid significantly reduckdels of Salmonella on prechill
carcasses. In caecal contents the number of Sallmomas reduced following addition of
either 0.36% calcium formate or 0.5% formic acizakt al., 1990). However, Waldrougt
al. (1995) found a reduction of ceacal pH in relatioran addition of a formic acid/propionic
acid blend in concentrations of 1%. However, thihars found that the formic acid/propionic
acid blend did not offer a reliable protection nefijjag the caecal colonisation wigalmonella
typhimurium following oral challenge. The same authors alsadlistlithe use of citric acid at
dietary concentrations up to 1% in relation to tteecal colonization withSalmonella
typhimurium and carcass contamination following oral challengbe number of birds
colonized with Salmonella typhimurium was actually increased following supplementation
with citric acid as compared to control, which icatties that citric acid may not be reliable
with respect to the prevention of Salmonella catation of the caeca. The same authors also,
reported that increasing amounts of fumaric acié, (0,0 and 2.0%) did not offer protection
from caecalSalmonella colonization or carcass contamination followinglozhallenge with
Salmonella typhimurium in broiler chickens. In another experiment witloilar chickens,
increasing amounts of dietary lactic acid (0.2%, @,,0 and 2.0%) did not offer protection
from caecal Salmonella colonization or carcassamiation following oral challenge with
Salmonella typhimurium.

Ozturk et al. (2006) reported that addition of humic acid in 30nplevels to drinking
water of the broilers seems to improve feed efficieas compared to control group, but live
weight gain decreased at the level of 45 ppm huaaid preparation addition. Livability
increased by adding humic acid.

Hassanet al. (2008) reported that reported that using 2, 4 anda@#gic acid gave
higher body weight and lower feed intake as congarngh birds fed the control diet without
supplementation.
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CHAPTER 3

MATERIALS AND METHODS

The present study was carried out at Borg El-A?abltry Research Station belonging
to Animal Production Research Institute, AgricuitiResearch Center, Ministry of Agriculture
during the period from November 2006 to Februa®720rhe analytical part of this study was
performed at the laboratories of Animal and Fislodpiction Department, Faculty of
Agriculture (Saba Basha), Alexandria University.

3.1. Acacia leave meal (ALM) evaluation:

Acacia leave meal were collected from a local wgr{@cacia saligna) cultivated in
Borg El- Arab research Station, North- Western deskeEgypt. After collection, the leaves
were dried in the oven dried (60°C) for 24 hoursl dhen ground to be suitable diet
formulation.

3.1.1. Proximate analysis
Proximate analyses of ALM and the experimentalsdmegre determined according to the
methods of Association of Official Analytical Chests (A. O. A. C., 1994).

Moisture content: by drying in an air oven at 105°C for 6 hours.

Ash content: by dry-ashing in muffle furnace at 600 °C for twaurs.

Crude protein: by Micro-Kjieldahl method.

Crude fiber: by boiling with 1.25% HSO, (1.25%) followed by NaOH solution (1.25%) for
each concentration according to the specified phoess.

Ether extract: By Soxhelt apparatus for 16 hours using diethyeeas solvent.

3.2. Feeding experimental design:

A 3 x 5 factorial arrangement was conducted. Actease meal (ALM) was included at
levels of 16.5 and 33% to replace 50 and 100%eets/ely, of the clover hay in control diet
(free of ALM). Some modifications in the compositiof the latter two diets were done to
make the three experimental diets isonitrogenoukismenergetic containing approximately
16% CP and 2500 Kcal/Kg DE (Table 1). Each onehefk¢ three experimental diets was
supplemented or not with acetic or propionic aatiswo levels of supplementation (0.025
and 0.05%). Pellets of the experimental diets vmeaele as follow, pelleting was initiated by
molasses addition as binding material and all ohgtedients were pressed at 70C°, pellets
were cooled, and supplemented with the diluted rocgacids (acetic or propionic) by
automatic atomizers.
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Table 1: Composition and chemical analyses of theqgerimental diets (as fed).

Acacia leave meal in the diet%

Ingredients%

0 16.5 33
Clover hay 33.00 1650 -
Acacia leave meal (ALM) 16.50 33.00
Yellow corn 18.90 14.80 10.70
Wheat bran 11.00 9.75 8.50
Barley grain 17.30 17.15 17.00
Soybean meal (44%) 15.00 15.00 15.00
Wheat straw - 5.50 11.00
Molasses 3.00 3.00 3.00
Limestone 1.00 1.00 1.00
Salt 0.30 0.30 0.30
DI- Methionine 0.10 0.10 0.10
L-Lysine 0.10 0.10 0.10
Vit, and min. mix: 0.30 0.30 0.30
Total 100 100 100
Price (Egyptian LE / ton)** 1750 1500 1250
Chemical analysis
Dry Matter 89.99 90.01 90.85
Organic Matter 82.36 82.31 82.82
Crude Protein 16.62 16.60 16.45
Ether Extract 3.27 3.30 3.51
Crude Fiber 13.45 13.61 13.70
Nitrogen Free Extract 48.52 49.25 49.07
Ash 7.58 7.70 8.02
DE (Kcal / Kg)* 2506 2501 2498

Each kilogram of Vit+Min mixture contained: vitamA, 12000 IU; vitamin E, 20 IU; menadione , 1.3;nif.
D3, 2500 ICU; riboflavin, 5.5 mg; Ca pantothenate, mg; nicotinic acid, 50 mg; choline chloride, 60®;

vitamin Bqo, 10 pg; vitamin Bs, 3 mg; thiamine, 3 mg; folic acid, 1.0 mg; d-bigti50 pg. Trace mineral
(milligrams per kilogram of diet): Mn, 80; Zn, 6Be, 35; Cu, 8; Se, 0.68Calculated values (NRC, 1994).

* DE (Kcal / Kg) was calculated according to Che¢k@87).
** |_ocal price in Egypt in 2006- 2007.

3.3. Management and animal feeding:

A total number of 135 male growing (NZW) rabbits5atveeks of age and averaged
570 g body weight were used in this study. Animaége distributed into 15 experimental
groups of 9 rabbits each and were fed randomlyherfifteen experimental diets. Each group
has three replicates,( 3 rabbits each). Rabbite Wweused in galvanized batteries (60x40x24
cm) provided with feeders and automatic drinkers.
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The experimental rabbits were kept under the sanamagerial and hygienic
conditions. Rabbits were housed in well ventilatddck building (three per cage in the
fattening trials and individually during the digédity trial). The batteries were arranged in
rows in a windowed house naturally ventilated dmel fresh air circulated in the house using
exhaust fans. The rabbits were kept with a cycl&6oh light and 8 h dark using artificial light
sources. No heating was applied in the rearing persh water was automatically available at
all time by stainless steel nipples for each cage. experimental diets were offered to rabbits
ad libitumin pelleted form from 5 to 13 weeks of age. Psligere offered twice daily at 8 am
and 4 pm.

3.4. Digestion trials:

At 13 weeks of age, forty-five rabbits were randgrdken after the termination of
fattening trial. Rabbits within each treatment wexedomly housed individually in metabolic
cages (three rabbits from each treatment) thatvellio separation of feces and urine. A
preliminary period of 7 days was followed by fivayd for measurements of actual consumed
feed, feces and urine output collection. The arsmare fed twice daily at 8 a.m. and 4 p.m.
Water was available all time. Feces and urine wetlected quantitatively once a day before
the morning meal at 8 a.m. Samples of daily fe2€84) of each rabbit were stored at°@0
The seven days combined collection fecal sample® Wwept for routine analysis. Fecal
samples were oven dried at’60for 48 h (partial drying) then ground through enfin screen
on a wiley mill grinder. Samples were composite peatment per animal for analysis.
Digestibility was determined and expressed as anthiter basis from feed and fecal sample
content of dry matter.

Representative samples of feed offered and fecesaoh rabbit were chemically
analyzed for determinations of (DM), crude protgdP), ether extract (EE), crude fiber (CF)
and ash which were carried out accordind\t®.A.C. (1994) methods. Nitrogen free extract
(NFE) was determined by difference.

Apparent digestibility coefficient (ADC) was caletéd as follows:

total nutrientin take— totalnutrientin f
ACD = otalnutrie ake—totalnutrie ecesxloo

totalinutrientin take

Total digestible nutrient (TDN) was calculated aduog to the classic formula @heekeet

al. (1987)as follows:

TDN%= DCP% +DCF% +DNFE% + (DEE% X 2.25)

Where:

DCP = digestible crude protein.

DCF= digestible crude fiber.

DNFE= digestible nitrogen free extract.

DEE= digestible ether extract.

Digestible energy (DE) of the experimental dietssvealculated according to the equation
described by Cheelat al. (1987) as follows:

29

7 This PDF was created using the Sonic PDF Creator.

SON
=~{ To remove this watermark, please license this product at www.investintech.com



DE (Kcal) = 4.36 — 0.0491 x NDF%
NDF% = 28.924 + 0.657 x CF%

The metabolizable energy (ME kcal/kg feed DM) valugf the offered diets were
calculated according to the equation describeddrp$-(1985) as follows:
ME (Kcal) = TDN x 41.85

3.5. Studied traits:
3.5.1. Average body weight

Rabbits in the treatment groups were individuallgigihed biweekly in the morning
before offering feed. Individual live weights ofegy treatment were totaled and divided by
the number of rabbits to obtain the average livdybweeight.

3.5.2. Average weight gain:
The average live body weight gain was calculatedsiytracting the average initial
live weight of a certain period from the averagafiweight of the same period.

3.5.3. Feed consumption:

The feed consumption was calculated biweekly bytragbng the unconsumed feed
from the total amount offered during this periodd aecorded as g/rabbit/period taken into
account number of dead rabbits if any.

3.5.4. Feed conversion ratio (FCR):
FCR was estimated as units of kilograms of feedsgored to produce one kilogram
body weight during a certain period.

3.5.3. Number of dead rabbits:
It was recorded in the day it occurred from théiahitime of the experiment up to the
termination of the experiment

3.7. Carcass traits:

After the termination of the experiment, three igblat 13 weeks of age from each
experimental group were randomly chosen for slaargiesst. Rabbits were kept off feed for 12
hours before slaughter, and then they were weighdvidually as pre-slaughter weight.
Rabbits were slaughtered by cutting the jugulanseiAfter complete bleeding, they were
weighed, skinned and eviscerated. Carcass, liver, Kidney fat, kidneys and heart were
immediately weighed. Dressed weight was calcula®a total weight of carcass plus head.
All traits were calculated as percentage of thegtaaghter weight. Hot carcass weight was
obtained 15 to 30 minutes after slaughter aftetliehi of the carcass for 2 hours in a
refrigerator at % the carcass was weighed to obtain cooled cavegigght.
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3.8. Blood parameters:

3.8.1. Biochemical analysis:

During slaughtering of rabbits, individual bloodngales were collected into beaker
from each rabbit within each treatment and dividetb two samples and were placed
immediately on ice. Heparin was used as an antidaag Plasma samples were obtained by
centrifugation at 3,000 rpm for 20 min and wereaedicat —26C until being used for analysis.

Stored plasma samples were analyzed for total ipr@@P), Albumin (A), urea-N,
blood glucose level, that were determined in psalorimetrically using commercial kits
(DIAMOND DIAGNOSTICS, Egypt) according to the pratee outlined by the
manufacturer. Globulin concentration was calculabgdsubtracting the values of albumin
from those of total proteins. Also. A/G ratio waalaulated. Total bilirubin was measured
using the methods of Walters and Gerade (1970)athigities of aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) were amsayy the method of reitman and
Frankel (1957).

3.8.2. Blood hematology
A part of blood samples which were collected ngirslaughtering of rabbits were
used to determine the following hematology traits:

3.8.2.1. Red blood cells (RBCs)

RBCs were counted on Neubaueran line hemocytomstieig light microscope at
40x10 magnification after diluting blood samples to02imes with a diluting fluid (10%
sodium sulphate, 2% sodium chloride and mercurioricte 1% solution) before counting.

3.8.2.2. White blood cells (WBCs)

WBCs were counted on Neubaueran line hemocytometerg light microscope at
10x10 magnification after diluting blood samples to @fes with a diluting fluid (1.5%
glacial acetic acid solution and few crystals aftgen violet) before counting.

3.8.2.3. Hemoglobin (Hb):
Hb was determined by commercial kits (DIAMOND DIAG@STICS, Egypt).

3.8.2.4. Packed cell volume (PCV%):

Whole blood samples were used to determine (PCV%)using Micro-AID®
Heparised microhematocrit tubes and microhematoeritrifuge which centrifuged for 5 min
at 4000 rpm.

3.8.2.5. Calculation of MCV, MCH and MCHC:
The following parameters were calculated:
Mean cell volumeNICV) = (PCVx10)/RBCx 100
Mean cell hemoglobinMCH) = (Hb x 10)/RBC x 100
Mean cell hemoglobin concentraticdCHC ) = (Hbx 100)/PCV (%)
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3.9. Effectiveness of acetic and propionic acids asitifungal preservatives:

3.9.1. Preparation of different concentrationsxa@rined organic acids
Different concentrations of examined organic acierevprepared of acetic acid and
propionic acid. The concentrations used were 1008caalded at 0.025 0.05 for each.

3.9.2. Determination and adjustment of the moistmetent of the feed before

inoculation
Moisture content of the feed sample was estimatedrding to (A.O.A.C 1998) then
the moisture content was adjusted to be 18% acupitdithe following equation:

S = Required moisture content —ahibhoisture content x 100
100 - Requiradisture content

Where S = the value of water required for 100 grearfiple to reach the required level
of moisture content.

3.9.3._Experimental design

100 gm of each diet 18% moisture content was usededch of both acetic and
propionic acids concentrations. This amount wasquain sterile Erlenmeyer flask. The
prepared previously mentioned concentrations ofmigyacids included in this study were
added to the diet with different inclusion rate0@% and 0.05% for both acetic and proionic
acids). Three flasks were left without inoculatescontrol, one for each basal diet (0, 16.6%
and 33% ALM). Ten grams were withdrawn from eadskl just after inoculation with the
acids(zero time), after 7 days, after 14 days &ed &fter 21 days to estimate the changes in
the fungal content.

3.9.4. The total fungal count

The total fungal count was performed as followsn Tggams of each sample were
added to a 90 ml sterile saline solution in 500 Enlenmeyer flasks and homogenized
thoroughly on an electric shaker at a constant dpé&enfold serial dilutions were then
prepared. One ml portion of three suitable dilugiar the resulting sample suspension were
used to inoculate Petri dishes each containing LSabaroud Dextrose Agar containing 0.5
mg Chloramphenicol/ml medium to inhibit bacteriabgth. Plates were then incubated for 7
days at 28°C and the grown fungal colonies weratenli(Azizet al., 1998).

3.9.5. Criteria of acceptance

The criteria of evaluation of antifungal activityeaestimated according to British
pharmacopoeia (2001) in terms of the log reduciiothe number of viable microorganisms
against the value obtained for the fungal couaead time.

3.10. Statistical analysis:
Data of each growing and digestion experiment wanalyzed using two-way
ANOVA of GLM procedure of SAS® (SAS Institute, 1983However, data for the total
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fungal count were analyzed using one way ANOVA dfMsprocedure of SAS® (SAS
Institute, 1985). Significant differences betweeeams were detected using Duncan multiple
range test (Duncan, 1955).
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CHAPTER 4

RESULTS AND DISCUSSIONS

4.1. Chemical Composition of acacia leave meal (ALMand clover hay meal

(CHM):

Acacia leave meal (ALM) and clover hay meals (CHNBt were used in this study were
analyzed for their nutrients contents (Table 2)e Tiean values of chemical composition of
ALM are as follows: crude protein 16.63%, etherrast 5.16%, ash 8.67%, nitrogen free-
extract (NFE) 51.73% and crude fiber 17.81% of Whiel.79% was NDF and 23.83% was
ADF, indicating that ALM containing 20.96% hemilcgbses.

It is shown from the chemical analysis that the Ahlsls reasonable amount of protein,
but it showed higher value of protein percentage ether extract than that for CHM by 1.9
and 97.7%, respectively, however, it was lower nade fiber by 4.2%. ALM nitrogen free
extract (NFE) was about 110.0% fold of CHM contehthe value recorded for protein in
ALM was less by about 2.2% than the value recottaledbd El-Galil and Khider (2000). In
general, the composition of ALM presented hereis waagreement (more or less) with those
reported by Abdel Sameat al. (1992) and El-Eraky and Mohamed (1996). However, the
results of Abd El-Hafezt al. (2000) showed less amount of crude protein, ethia&xand
NFE. The vegetation period of plant and drying mdthunder shade or in the sun and other
environmental factors involved a long together witindling and storage conditions may
affect on chemical compositions.

Table 2. Chemical composition of ALM and clover CHM.

: ALM CHM
Nutrients% % %

Organic matter 91.33 91.19
Crude protein 16.63 16.32
Ether extract 5.16 2.61
Crude fiber 17.81 18.60
Crude ash 8.67 8.81
Nitrogen free extract 51.73 53.66
DE Kcal / Kg** 2366 2340
Nutrient detergent fiber (NDF) ** 44.79 41.10
Acid detergent fiber (ADF) 23.83 26.05

*On dry matter basis

**Calculated on the basis of Cheeke (1987) as Vailo
NDF% = 28.92 + 0.657 x CF%

DE, Kcal/ g =4.36 —0.0491 x NDF%
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4.2. Performance of growing New Zealand White rabls as affected by
different levels of ALM and organic acids supplemetation and their
interactions.

4.2.1. Performance of growing rabbits

4.2.1.1. Live body weight:

The effect of feeding different levels of acaciave meal (ALM), type of organic
acids and their interactions on live body weightN&E#w Zealand White (NZW) rabbits are

presented in Table 3 and Figs. 1 and 2.

Initial body weight of NZW rabbits ranged from 5220 542.2 g with no significant
differences among treatments, which means a randstnibution of the rabbits on the
different treatments.

Irrespective of organic acid supplementation, rdsults showed that the incorporation
of ALM in rabbit diets at the levels of 16.5 or 33fésulted in significant (X 0.0001)
differences in live body weight at 7, 9, 11 andvieeks of age. It was observed that feeding
rabbits both diets containing 16.5 or 33% ALM résdlin reducing live body weight after two
weeks from the beginning of experiment. The dea@agrowth of rabbits reached to 4.8 and
7.7% at 7 weeks; 4.0 and 7.4% at 9 weeks; 5.0 a8 &t 13 weeks of age, respectively.
However, at 11 weeks of age the group of rabbits 38% ALM in their diet had slight
increase in live body weight as compared to congrolup and significantly surpassed the
group fed 16.5% ALM by 5.1%. The decrease in lieeljoweight may be attributed to either
the significant decrease in feed intake and crudéem digestibility or the decrease in some
blood metabolites such as, total protein, albunmd glucose when rabbits fed high level of
ALM. These results were in accordance with thogented by Abd El-Galikt al. (2001) who
found that rabbits fed okeucaena leaf meal up to 20% recorded the lowest final lveight,
while those fed on control diet recorded the higle®. Also, El-Eraky and Mohamed (1996)
found that the daily gain of rabbits decreasedhayincreasing of ALM in their diets. Using
goats and sheep, Degen al. (1997) reported that intake @fcacia saligna and Acacia
salicina as sole fodder particular young trees were lowd laoth goats and sheep lost body
mass and were in negative N- balance. Foebes. (1994) reported that acacia contain high
concentrations of numerous amines and alkaloides@&ltompounds are characterized by the
fact that they contain nitrogen and are to a greatéesser extent toxic.

The improvement in body weight due to feeding resbdiet containing 33% ALM at
11 weeks of age indicated that rabbit's toleranc&liM was improved with increasing age of
rabbits. These results are similar to those redditeWyatt and Goodman (1993), Jeroch and
Dénicke (1995), Radwaet al. (1997), Van Soest, (1997), Attia and Abd El-Rahn(2001)
and El-Deeket al. (2003a). They attributed this to the maturity bé tdigestive tract (gut
capacity, microflora, and enzymatic secretion) \wtgould improve feed utilization over time.
Also, Digestive disorders are frequently observedaibbit breeding around weaning (21-42
days of age). These disorders are supposed to édodan incomplete maturation of the
digestive processes (either from caecal flora omfhost) at the time of weaning (Gidenne
1997).
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Table 3. Live body weights of growing NZWabbits as affected by feeding diets containing

different levels of acacia and supplementesith organic acids.

Treatments 5 BO? y weight (g) vgks 11 13
Main effect of (ALM) level:
0.0 534.8 833.0 1203.5 1552.  1908.9
16.5 % 535.8 7932 1154.8 1481.7 1821.f
33.0 % 532.9 768.6 1113.9 1557. 1871.%
SEM 2.940 3.81 5.625 5.752 6.415
P value NS 0.0001 0.0001 0.0001 0.0001
Main effect of organic acid supplements
Control 535.8 8122 1168.6 1534.4 1830.3
Acetic acid,  0.025% 533.4 8225 1233.7 1600.9  1925.7
0.05% 530.1 8229 1139.8 1469.8  1795.7
Propionic acid, 0.025% 537.0 7729 11108 1535.f 1888.2
0.05% 536.2 764.2 1140.9 1513.8  1899.2
SEM 3.801 4.926 7.258 7.421 8.277
P value NS 0.0001 0.0001 0.0001 0.0001
Interaction effect
Acacia Organic acids
0 0.0 538.1 892.8 1288.0 1686 1994.6
Acetic acid, 0.025% 530.4 7989 1153.7 1534.8  1915.7
0.05% 533.0 4. 1162.4 1439.2 1732.4"
Propionic acid, 0.025% 532.1 7699 116483  1539.2° 1982.2
0.05% 540.4 ®3. 1249.f 1560.68  1919.6°
16.5% 0.0 535.8 765.0 1103.0 14329  1758.6
Acetic acid, 0.025% 534.6 864.6 1331.6 1748.0  2047.8
0.05% 534.4 798.1 1088.7 1401.4 1738.4"
Propionic acid, 0.025% 542.2 7609 1103.06 13744 17169
0.05% 531.7 59 11419 1446.8" 1836.9
33% 0.0 533.7 7585.9 1105.8 1472.§  1729.8"
Acetic acid, 0.025% 535.1 807.3 12135 1509.68  1799.6
0.05% 522.9 W5 1168.2 1567.3  1916.f°
Propionic acid, 0.025% 536.5 7878 1064.F 1691.86  1966.1°
0.05% 536.3 27P 1018.1 1536.0  1946.4°
SEM 6.589 8.538 12.581 12.864 14.35
P value NS 0.0001 0.0001 0.0001 0.0001

@M Means within a column not sharing similar supépgsrare significantly different (R 0.05). NS (P > 0.05).
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Fig 1. Live body weight of growing NEZ rabbits as #ected by feeding diets containing
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When the effect of ALM was over looked, the resutgicated that live body weight
was affected significantly (R 0.0001) by type of organic acids at all studiedsagifter two
weeks from the beginning of experiment, rabbits dexts containing 0.025 and 0.05% acetic
acid (AC) slightly recorded higher live body weigthtan those fed control diet, without
significant differences between them. However, tineups of rabbits fed diet containing
propionic acid recorded the lowest values of bodgight as compared to the other
experimental groups. Thereafter, the group of tahigiceived 0.025% acetic acid in their diet
recorded the best live body weight at 9, 11 anavé8ks of age in comparison with the other
experimental groups. This group had heavier livdybweight than control ones at 9, 11 and
13 weeks of age by 5.6, 4.3 and 5.2%, respectively.

Addition of propionic acid at 0.025 and 0.05% leteethe diets of NZW rabbits resulted
in non significant effect at 11 weeks of age; hogrethese results reached significant at 13
weeks of age and surpassed the control one byn8.3.8%, respectively. The aforementioned
groups were significantly less in live body weigtst compared to the group received 0.025%
acetic acid in their diet. The results demonstratisd that the group of rabbits fed 0.05%
acetic acid in their diet recorded the lowest Inady weight at 11 and 13 weeks of age in
comparison with the other experimental groups. Meegearchers (Falkowski and Aherne,
1984; Giesting and Easter, 1985 and Risley, 1986gwed an improvement in post-weaning
growth and efficiency of feed utilization of pigshen starter diets were supplemented with
organic acids such as citric or fumaric acids. Tthprovement in growth performance has
been hypothesized to be related to the loweringastric pH and subsequent modification of
the intestinal microflora by these acids (Burretllal., 1988 and Radeclat al., 1988). The
beneficial effects of organic acids on the gronginff@grmance of pigs have been also explained
through the different effects of organic acids ateimediary metabolism (Grassmann and
Klasna, 1986). Moreover, Kirchgessner and Roth 2)98ported that organic acids could be
used as an energy source for pigs with efficiemqmaéto that of glucose. Our results indicated
also that the increase in live body weight duenttuding acetic acid or low level of propionic
acid in the diet may be attributed to its strongedi-mould activity as compared to rabbits fed
control diet free from organic acid.

The results presented in Table 3 showed that, ntezaction between ALM levels and
organic acids were significant at 9, 11 and 13 weakage. NZW rabbits received 16.5%
ALM with 0.025% acetic acid in their diet recorddte highest value of live body weight,
however, the lowest value was observed in the gfed@6.5% ALM with 0.025% propionic
acid at 11 and 13 weeks of age.

4.2.1.2 . Body weight gain:

Data of body weight gain of NZW rabbits during 5779, 9-11 and 11-13 weeks of age
as well as during 5-9, 9-13 and 5-13 weeks of agaff@cted by different levels of ALM and
type of organic acids and their interactions a@shin Tables 4 and 5 and Figs. 3, 4, 5 and 6.

Differences in body weight gain were significarfigm 5" until the end of the study at
13" weeks of age due to different levels of ALM.
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Table 4. Live body weights gain of growing NZW rablis as affected by feeding diets
containing different levels of acacia and suppmented with organic acids.

Body weight gain (g) wks

Treatments 5.7 7-9 9-11 11-13
Main effect of (ALM)
0.0 298.2 370.8 348.4 356.9
16.5% 256.9 361.7 326.9 339.4
33% 236.8 345.3 443.T 314.8
SEM 3.204 5.288 3.992 6.293
P value 0.0001 0.006 0.0001 0.0001
Main effect of organic acid supplement
Control 0 274.0 355.8 366.3 295.9
Acetic acid, 0.025% 2905 4117 367.2 324.9
0.05% 2927  316.9 329.6 326.3
Propionic acid, 0.025% 235.9 337.6 424.6 353.3
0.05% 2284  376.7 372.8 385.7
SEM 4.134 6.819 5.152 8.121
P value 0.0001 0.0001 0.0001 0.0001
Interaction effect
Acacia Organic acids
0 0 354.7 395.2 398.0° 308.6
Acetic acid, 0.025% 263.4 359.8 381.1 380.9°
0.05% 35%.5 2779 276.8 293.2¢
Propionic acid,  0.025%  23%.8 394.4 374.9 443.6
0.05% 283.3 4253 311.4' 359.F
16.5% 0 245.1 318.6 329.9 325.8
Acetic acid,  0.025% 330.0 467.0 416.F 299.8*
0.05% 263.7  290.6 312.8 337.0°
propionicacid,  0.025% 218.7  342.1¢ 271.4 342.4°
0.05% 2273  382.8° 304.4 390.6°
33% 0 2252 349.9 367.1 256.9
Acetic acid, 0.025% 2786 406.3¢ 296.1° 290.G
0.05% 263.0 382.3° 399.1¢ 348.8°
Propionic acid,  0.025% 2513 276.2 627.4 274.6"
0.05% 16%7.7  315.3 517.9 410.4
SEM 7.166 11.819 8.929 14.076
P value 0.0001 0.0001 0.0001 0.0001

#Yeans within a column not sharing similar supepgsrare significantly different (P<0.05). NS (P&%).
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Table 5. Live body weights gain of growing NZW rablis as affected by feeding diets
containing different levels of acacia and supplemeed with organic acids.

Body weight gain(g) wks
Treatments 5-9 9-13 5-13 dead animal
number
Main effect of (ALM)
0.0 668.7 705.4 1374.1a 2.0
16.5% 618.9 666.3 1285.2¢c 3.0
33% 582.1 757.7 1339.8b 2.0
SEM 5.482 6.110 6.540
P value 0.0001 0.0001 0.0001
Main effect of organic acid supplement
Control 0 631.9b 662.3 1294.2c 2.0
Acetic acid, 0.025% 701.7a 692.0 1393.8a 1.0
0.05% 609.7¢c 655.9 1265.6d 1.0
Propionic acid, 0.025% 573.5d 777.9 1351.4b 1.0
0.05% 605.1c 758.3 1363.4b 2.0
SEM 6.940 7.883 8.440
P value 0.0001 0.0001 0.0001
Interaction effect
Acacia Organic acids
0 0 749.9b 706.6 1456.4b 0.0
Acetic acid 0.025% 623.2de 762.0 1385.2c 1.0
0.05% 629.4de 570.0 1199.4fg 1.0
Propionic acid 0.025% 632.2de 817.9 1450.1b 0.0
0.05% 708.7c 670.4 1379.1c 0.0
16.5% 0 566.4f 655.3 1222.0f 1.0
Acetic acid 0.025% 797.0a 7f6.2 1513.2a 0.0
0.05% 554.2fg 649.8 1204.0fg 0.0
Propionic acid 0.025% 560.8f 613.9 1174.7g 1.0
0.05% 610.1e 695.0 1305.1d 1.0
33% 0 572.1f 624.0 1196.1fg 0.0
Acetic acid  0.025% 682.9c 586.1 1269.0e 1.0
0.05% 645.3d 747.9 1393.2c 0.0
Propionic acid  0.025% 527.69 9G2.0 1429.6bc 0.0
0.05% 483.0h 978.3 1411.3c 1.0
SEM 12.030 13.665 14.629
P value 0.0001 0.0001 0.0001

" Means within a column not sharing similar supépsrare significantly different (P<0.05). NS (P&%).
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Fig 4. Live body weight gain of growing NEZ rabbits as affected by feeding diets
containing different levels of Organic acids. .ac=acetic acid%, pro=propionic
acid%
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The groups of rabbits fed 16.5 and 33% ALM in theiets had significantly (K
0.0001) the lowest values of weight gain during firet two weeks of study. However, there
were insignificant differences between group ofbitsbfed 16.5% ALM and those in control
one during the period 7-9 and 11-13 weeks of @&ge&as noticed that the ALM incorporation
in rabbit diets at 33% level had positive €F0.0001) effect on weight gain throughout the
period 9-11 weeks of age.

When the data were pooled, body weight gain at Be2ks and during the whole
experimental period from 5-13 weeks of age, indidahat the diets containing ALM were
negatively affected on this trait, however, durd.3 weeks of age, the best {P0.0001)
value of weight gain was obtained from rabbits38& ALM in their diet.

It is of great importance to note that the resoftgshe digestion trials were coincided
generally with growth performance and feed conwergfficiency. In most periods rabbits fed
control diet showed the highest body weight andneed the highest body weight gain
compared to the other experimental groups.

Irrespective of ALM levels, the results demonsiiateat acetic acid addition to the diets
at 0.025% level resulted in a highly significantrease in weight gain at 5-7 and 7-9 weeks of
age. Also, the level of acetic acid at 0.05% exsdhd control group at 5-7 weeks of age. The
positive effect of propionic acid was observed dt19weeks of age for 0.025% level and at
11-13 weeks of age for 0.05% level.

During the experimental period 5-9 and 5-13 weekage, addition of acetic acid at
0.025% level had significant effect on weight galese rabbits recorded higher values of
weight gain being 11.0 and 7.7% more, respectivaynpared to the control. The obtained
results showed that the superiority in weight gduming 9-13 weeks of age was observed in
the group received 0.025 or 0.05% propionic acidthair diets compared to the other
experimental groups. The weight gain of rabbits 08l5% propionic acid in their diet was
more than control by 17.5%, however, the correspundalue for the group fed 0.05%
propionic acid was increased by 14.5%. The reshitsved significant decrease in the groups
fed 0.05% acetic acid, 0.025 and 0.05% propionid daring the early period from 5-9 weeks
of age. The group fed 0.05% acetic acid was coatlrta decrease during the periods 9-13 and
during the whole experimental period. The earlydfégake restriction by supplying 0.05%
acetic acid may have determined the reduction imghtegain of this group observed by the
end of the experimental period (Table 5).

In this respect, Zaghirgt al. (1986) reported that addition of 1.5% of eithericior
fumaric acid, replacing an equivalent amount ofaeaneal had no significant effects on daily
body gain. Also, Scapinellet al. (2001) and Abeciat al. (2005) reported that productive
performances of the inclusion of organic acids abbit nutrition are not clear. However,
Improvements in daily gain have been reported QiiZiet al. (1996) including 1.25 g
fumaric acid per kg and by Castrovilli (2002) andlldr et al. (1996) with different acidifiers
included at 1.5 or 3.0 g per kg. On broiler chickenkova and Para (1997) indicated that
body weight gain of broiler chicks given a feed tare containing organic acid (propionic
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acid at 0.5 ml/kg) was 5.9% greater than that efdbntrol. Also, Garciat al, (2000) detected
that supplementation of broiler diets with orgaaads (0.1%, in the initial phase, increased
(P< 0.05) body weight gain.

The combination effect (ALM x type of organic agidssulted in highly significant (R
0.0001) effect during all periods of the study. Tdest group of rabbits in weight gain was
those fed diet containing 16.5% ALM with 0.025%taxacid during the periods 5-9 and 5-13
weeks of age. However, during the period 9-13 wexdkasge the best results of weight gain
were obtained in the groups fed 33% ALM with bo#lvdls of propionic acid (0.025 and
0.05%) with insignificant differences. The obtainexbults indicated the positive impact of
organic acids on growth of rabbits. This may be tlughe effectiveness of organic acids
against as a broad spectrum of gram-positive aach-gregative bacteria, which could control
proliferation of different types of bacteria andintain healthy gut.

4.2.1.3. Viability rate:
Table 5 represent the results of the effect of ifeedifferent levels of ALM, type of
organic acids and their interactions on viabildayerof New Zealand White (NZW) rabbits.

The results observed that most of rabbits mortalttgurred during the first week of the
experiment. It is clear that viability rate of gpsuof rabbits fed different levels of ALM was
considerably the same in control group and themiffed 33% ALM-diet, however, it tended
to decrease with 16.5% level of ALM in the dietheBe results were in agreement (more or
less) with those of Ramchuet al. (2000). Abd El-Galil (2001) demonstrated that matyal
rate was significantly increased when the rablegitsdiets containing ALM more than 20%.

Irrespective of ALM, the results indicated that max rabbits groups fed diets
supplemented with organic acids had the best wabdte as compared to control, except the
group of rabbits received 0.05% propionic acidheit diet, it recorded the number of dead
rabbits as in the control group fed diet withoupgementation. The higher survival rates of
acetic acids groups or those received 0.025% pnapicid may be attributed to that organic
acids at these levels reduce the intestinal pHchviliecame unsuitable for growth of the
pathogenic bacteria that causes the diarrhoea eatth dor rabbits. In this connection, Pallauf
et al. (1988) stated that supplementation of 1.5% citdicl &0 the basal ration decreased the
diarrhea and increased the growth of piglets. Té¢t@m mechanisms of organic acids are
mainly involved in balancing the microbial poputati in the small intestine and/or to
stimulating the activity of digestive enzymes (Kiednorget al., 2002).

Similar to the present findings, Scapinedioal. (1999) and Skrivanova and Marounek
(2002) demonstrated that caprilic acid decreasedatity in the post weaning period. The last
authors stated that mortality of control rabbitsl éimose fed caprylic acid at 5 g/kg was 16.7
and 0% (P = 0.018) in the first experiment. Caprycid at this concentration decreased
mortality of rabbits also in the"® experiment (from 9.3 to 2.0%), but its effect wast
statistically significant. (Diericlet al., 2002) observed that the controlled release of umedi
chain fatty acids (C6-C12) from coconut a@iiphea seeds oils resulted in significant
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suppression of the intestinal flora (total anaerobount, lactobacilli,E. coli), improved
mucosal health and growth performance of piglets.

Young animals have limited ability to produce hydhmric acid in the stomach. At
birth, hydrochloric acid production is negligiblbut it increases with advancing age. The
greater the production of acid in the stomach alaer the gastric pH. In the stomach, pH can
regulate the movement of viable bacteria and méloisy the animal's environment to the
small intestine and is involved in the activatiohpepsin, a proteolytic enzyme. Pepsin is
secreted as an inactive zymogen, pepsinogen, andoitversion to the active pepsin are
catalyzed by the action of acid and any existingspe in the stomach. Additionally, the
optimal pH for pepsin activity is 2.0. At higher pHactivity is severely reduced. The initial
proteolytic activity carried out by pepsin is nexay for the subsequent activity of trypsin in
the small intestine. An additional important rode $tomach acid is the protection of the lower
part of the digestive tract from bacterial invasi@&aster, 1988). The low pH (2.0 or less)
commonly found in normal growing and an adult adirhas been shown to have a
pronounced bacteriostatic effect. Thus, viable cooganisms entering the digestive system
via the mouth are unable to pass through the storaad successfully colonize in the small
intestine. In suckling animals, lactose is conwette lactic acid by théactobacillus bacteria
normally resident in the stomach. Moreover, millcigdled in the stomach by the action of
chymosin, which allows a longer stay and thus aatibpepsin, even if pH is not as low as the
optimal. When vegetable proteins instead of mil&t@ins are fed to those animals, curdling
does not take place and a pH of 2 is not achiewsdse of the lack of hydrochloric acid.
This type of proteins and, to a larger extent naherixtures, bind free hydrochloric acid, thus
contributing even more to decrease available aod grotein digestion. In this case,
undigested feed goes into the small intestine, vipathogenic bacteria can utilize them for
their benefit. Also, when pH is above 4, most @sth pathogenic bacteria can freely develop.

The susceptibility of rabbits to various infectiotiseases and high mortality of young
rabbits after weaning, however, hinder the develpnof the rabbit industry. Weanling
rabbits often suffer from diarrhoea, which is th@jon cause of their mortality. Canas-
Rodriguez and Smith (1966) suggested that the tatidk fat contained antimicrobial
compounds, identified as eight and ten carbon agdrfatty acids (caprylic and capric acid,
respectively). Content of these acids in the rabbik is very high, they represent from one
third to one half of the total fatty acids in trebbit milk fat (Christet al., 1996; Leba%t al.,
1996). Both acids are practically absent from thedf thus, rabbits synthesize them in the
mammary gland. Bactericidal effect of fatty acidsaiell known (Nieman 1954; Galbraith
al. 1971; Galbraith and Miller 1973; Henderson 1973ckulaket al. 1981; Chalupat al.
1984). Fatty acids penetrate bacterial membramésifere with the metabolism of energy
within cells and disturb energy dependent procefSatbraith and Miller 1973). Fatty acids
bound in triglycerides did not influenga vitro rumen fermentation (Chalupa al., 1984).
The hydrolysis of milk fat by lipase(s) is thus theerequisite of their antimicrobial action.
Antimicrobial activity of caprylic and capric acabnfirmed Marounelet al. (2002).
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4.2.1.4. Feed intake:

Data concerning the effect of different levels dfM\ types of organic acids and their
interactions on feed intake during the differerdvgng periods are shown in Tables 6 and 7
and Figs. 7, 8, 9 and 10.

It could be noticed that level of ALM affect sigicdintly (P< 0.0001) feed intake from
the first week of the experiment up to thé"d8eek of age. Negative @0.0001) effect was
observed during 5-7 weeks of age due to feedingitsdiets containing 16.5 or 33% ALM.
This effect gradually decreased<P0.05 or 0.002) with advantage in age and ralsaésn to
be tolerant to 16.5% ALM during 7-9 and 9-11 weeksge, however, this tolerance did not
continual during the period 11-13 weeks of age¢esifeed intake during this period was
linearly (P<0.0001) decreased with increasing level of ALMha diet.

Pooled results indicated that ALM resulted in lindacrease in feed intake during the
periods 9-13 and 5-13 weeks of age, except durfigreeks, since the feed intake of rabbits
was significantly the same in the groups fed cdrdaral those fed 16.5% ALM —diet. During
the whole experimental period inclusion of 16.538% ALM in rabbit's diet had appetite
depressing effect which reduces the growth perfageaf rabbits.

The decrease in feed intake amounted to 2.1 afd B@n control. The decrease in feed
intake observed herein with increasing level of AitMthe diets may be attributed to the un-
palatability of the diet as a result of increastagnins content, Moujahed al. (2005). The
reduction in feed intake may be due to the loweestinal motility which led to a higher
retention time of the digest in the gut which répdrby Garciaet al. (1999). Regulation of
feed intake and dietary choices combine short-teontrol of feeding behavior related to the
body’s homeostatic and long-term control that delgseon nutritional requirements and body
reserves (Faverdia al., 1995). Feed quality and physical characterisiickrage, such as a
dry matter (DM) content, fiber content, particleesi and resistance to fracture are known to
affect ease of pretension and thus intake ratei@disoal., 1994).

The report of Russel and Michael, (1992) demoredréttat the shrubs of Acacia contain
some compounds that influence palatability and equently nutritive value, which include
tannins, phenolics, steroids, cyanogenic and altsl@ompounds. Makledt al. (2003)
reported that bucks fed 0.25 and 0.50% tannic emidumed less (R 0.01) amount of feed
than that consumed by control group (lower by 3Zahd8 23.50%, respectively). Moreover,
feed intake per buck was markedly decreased dower level of dietary tannic acid (0.25%)
than at the higher level (0.50%).

The obtained results were in agreement with theltesf Abdel-Sameest al. (1992)
who reported that feed intake decreased with isangeahe level of ALM in the diet, however,
it was in disagreement with those of El-Eraky andhisimed (1996) and Abd EI-Galil (2001)
who found that feed intake increased with incregasine level of ALM in the diet.

When the effect of ALM levels was over looked, tiesults indicated that during the
experimental periods 7-9, 9-11, 9-13 and 5-13 weélegye, the organic acids had significant
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Table 6. Feed intake (gm) of growing NEZ rabbits aaffected by feeding diets containing
different levels of acacia and supplemented witbrganic acids.

Feed intake (g) wks

Treatments 57 7-9 9-11 11-13
Main effect of (ALM)
0.0 959.4 1248.% 1676.7 2597.F
16.5% 935.8 1262.9 1695.3 2451.8
33% 906.8 1227.4 1674.6 2331.3
SEM 6.001 6.965 6.145 1.949
P value 0.0001 0.002 0.05 0.0001
Main effect of organic acid supplement
Control 0 964°6 1251.0 1669.7 2462.6a
Acetic acid, 0.025% 958.8 1295.6 1734.9 2463.4a
0.05% 886.7 1210.7 1661.2 2446.8b
Propionic acid, 0.025% 946.4 1256.68 1682.6 2468.3a
0.05% 91B.9 1218.5 1662.9 2469.9a
SEM 7.744 8.987 7.93 2.515
P value 0.0001 0.0001 0.0001 0.0001
Interaction effect
Acacia Organic acids
0 0 983.6 1257.6 1686.3 2607.7
Acetic,  0.025% 1018.7  1356.7 1776.3 2598.0
0.05% 919.7 1188.4 1652.3 2572.0
Propionic acid,  0.025% 9483 1255.0 1658.7' 2599.3
0.05% 92%.6 1183.7 1606.6 2608.7
16.5% 0 938.9 1247.4 1663.3' 2453 .4
Acetic caid, 0.025% 954.7 1276.0 1733.3 2442 7
0.05% 914.7 1267.3¢ 1689.3 2441.3
Propionic acid  0.025% 926.3 1242.7 1671.7 2473.F
0.05% 950.7 1279.3 1715.3 2448.3
33% 0 968.3 1248.3 1658.7' 2325.3
Acetic acid  0.025% 896.1 1249.6 1690.4 2335.F
0.05% 827.7 1176.7 1642.7 2327.6
Propionicacid  0.025% 969.7 1272.6¢ 1715.7 2332.6
0.05% 868.9 1189.4 1667.6 2338.3
SEM 13.422 15.767 13.912 13.422
P value 0.0001 0.0001 0.0001 0.0001

" Means within a column not sharing similar supépsrare significantly different (P<0.05). NS (P&%).
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Table 7. Feed intake (gm) of growing NZW rabbits asaffected by feeding diets
containing different levels of acacia and sygemented with organic acids.

Treatments

Feed intake (g) wks

5-9 9-13 5-13
Main effect of (ALM)
0.0 2207.8 4273.3 6480.7
16.5% 2198.% 4147.7 6345.8
33% 2134.3 4005.9 6140.2
SEM 12.496 6.825 16.797
P value 0.0001 0.0001 0.0001
Main effect of organic acid supplement (OA)
Unsupplement (control) 22158 4132.F° 6347.7
Acetic acid,  0.025% 2254 .4 4198.7 6452.7
0.05% 2097.3 4108.2 6205.6
Propionic acid, 0.025% 2203.0 4150.3 6353.3
0.05% 2135.4 4132.8° 6268.2
SEM 16.124 8.807 21.675
P value 0.0001 0.0001 0.0001
Interaction effect
Acacia Organic acids
0 0 2240.7 4294.06 6534.7
Acetic acid, 0.025% 2375.3 4374.3 6749.7
0.05% 2107.7 4224.3 6332.6
Propionic acid, 0.025% 2204.3 4258.0 6462.3
0.05% 2109.3 4215.3 6324.7'
16.5% 0 2186%3 4116.6 6302.6'
Acetic acid, 0.025% 22367 4176.6 6406.7
0.05% 21820 4130.7 6312.7'
Propionic acid, 0.025% 2163.0 4145.3 6308.3'
0.05% 22350 4163.7 6393.7
33% 0 22187 3984.0 6200.7
Acetic acid,0.025% 2148.1 4025.1 6170.3
0.05% 2002.3 3969.7 5972.0
Propionic acid,0.025% 22417 4047.7 6289.3
0.05% 2058.3 4004.3 6063.5
SEM 28.286 15.45 38.02
P value 0.0001 0.0001 0.0001

@k Means within a column not sharing similar supeépgsrare significantly different (P<0.05). NS (P&%).
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effect on feed intake. The rabbits fed 0.025% acatid in their diets recorded higher values
of feed intake being 3.6, 3.9, 1.6 and 1.7% mommpaoed to control. This increase was
followed by a corresponding increase in live bodight, resulting in a positive effect on feed
conversion ratio. Feed intake was deteriorateg¢ (PO001) in the groups of rabbits received
0.05% of both organic acids in their diets as camegbao the control group during the periods
5-9 and 5-13 weeks of age. These results were neeagent with those of Do Val al.
(2004) who found that the 0.25 and 0.5% inclusioeli of organic acids caused an increase
in feed intake of about 117g and 53g per chickeapectively, from one to 42 days of age,
when compared with the treatment without additibrorganic acids. The 1% inclusion level
of the organic acids mixture resulted in a feedkntvalue similar to that observed for the zero
level of addition; the 2% level of addition of thexture decreased feed intake by nearly 240 g
of ration in that period.

In this respect, Zaghiret al, (1986) reported that addition of 1.5% of eithericior
fumaric acid, replacing an equivalent amount ofzeaneal had no significant effects on feed
intake. Pinchasov and Jensen (1989) studied sewegahic acids, including formic and
propionic, and showed that only propionic acid teadignificant action in reducing feed
intake. As a matter fact, Cave (1978) had alreadicated that propionic acid plays a role in
the satiation regulatory system, since the intiégegal injection of this organic acid into
broiler chickens suspended intake for 0.5 to 1.hrfiloFrom one to 42 days of age, a
difference (P < 0.05) was observed only regardiegl intake.

Data for the interaction between ALM levels by tygfeorganic acids on feed intake of
rabbits are presented in Tables 6 and 7. Additiod.@25% acetic acid to the basal diet free
from ALM resulted in higher increase in feed intalsecompared to other experimental groups
during all periods of the study, except for theigebrl1-13 weeks of age. The same conclusion
was observed with rabbits fed basal diet with 0.0&F%ropionic acid at 7-9 weeks or 0.025
and 0.05% propionic acid at 11-13 weeks of age.

The results showed also that addition of 0.025% at$%tic acid or 0.05% of propionic
to the diets containing 16.5% ALM resulted in irasmg (P< 0.0001) feed intake by 1.6 or
1.4% compared to the rabbits fed the same diebwitBupplementation.

The obtained results demonstrated that additio.025% propionic acid to the diet
containing 33% ALM resulted in significant €20.0001) increase in feed intake amounted to
1.4% from its control.

4.2.1.5. Feed conversion ratio:

Data reflecting the average feed conversion rdti@alobits as affected by different levels
of ALM, types of organic acids and their interaosaduring the different experimental periods
of the study are shown in Tables 8 and 9 and Bifys12, 13 and 14.

The diet content of ALM had significant effect agetl conversion ratio during 5-7 and
9-11 weeks of age. However, insignificant differemavere observed during 7-9 and 11-13
weeks of age. The results showed that feed comvensitio gradually deteriorated with

51

7 This PDF was created using the Sonic PDF Creator.

SON
=~{ To remove this watermark, please license this product at www.investintech.com



Table 8. Feed conversion ratio of growing NZW rablis as affected by feeding diets
containing different levels of acacia and supemented with organic acids.

i o)
Treatments Feed conversion (%) wks

5-7 7-9 9-11 11-13
Main effect of (ALM)
0.0 3.308 3.469 4913 7.578
16.5% 3.74B 3.62F" 5.299 7.390
33% 3.958 3.67F 4.067 7.777
SEM 0.048 0.065 0.055 0.177
P value 0.0001 0.09 0.0001 NS
Main effect of organic acid supplement
Control 0 3.676 3.587 4.595° 8.504
Acetic acid,  0.025% 3.392 3.229 4.849 7.875¢
0.05% 3.086 3.947 5.179 7.687F
Propionic acid, 0.025% 4.026 3.830 4.448 7.307
0.05% 4.199 3.317 4.758° 6.540
SEM 0.062 0.084 0.071 0.229
P value 0.0001 0.0001 0.0001 0.0001
Interaction effect
Acacia Organic acids
0 0 2.789 3.199 4.259 8.574
Acetic acid, 0.025% 3.872 3.809° 4.68F 6.937
0.05% 2.616 4.35F 5.98F" 9.060G"
Propionic acid 0.025% 3.992 3.189 4.433%' 5.876
0.05% 3.3 2.80F 5.206° 7.442¢
16.5% 0 3.891 3.08% 5.046 7.554
Acetic acid  0.025% 2.899 2.76F 4.168 8.612
0.05% 3.4%6 4.363 5.412 7.244
Propionic acid  0.025% 4.2%1 3.632 6.164 7.227F
0.05% 4.2%8 3.396° 5.676° 6.332
33% 0 4.371 3.62F 4.53f 9.278
Acetic acid 0.025% 3.243 3.098"¢ 5.799 8.100
0.05% 3.166 3.112"¢ 4.143 6.739
Propionic acid 0.025% 3.866 4.669 2.748 8.818
0.05% 5.187 3.809° 3.213 5.760
SEM 0.107 0.145 0.122 0.397
P value 0.0001 0.0001 0.0001 0.0001

" Means within a column not sharing similar supépgsrare significantly different (P<0.05). NS (P&%).

7 This PDF was created using the Sonic PDF Creator.

SON
=~{ To remove this watermark, please license this product at www.investintech.com



Table 9. Feed conversion ratio of growing NZW rablis as affected by feeding diets
containing different levels of acacia and suppmented with organic acids.

i [0)
Treatments Feed conversion (%) wks

5-9 9-13 5-13
Main effect of (ALM)
0.0 3.329 6.168 4.747
16.5% 3.622 6.258 4.98F
33% 3.744 5.480 4.609
SEM 0.039 0.056 0.027
P value 0.0001 0.0001 0.0001
Main effect of organic acid supplement
Control 0 3.579 6.257" 4.939
Acetic acid  0.025% 3.264 6.15% 4.653¢
0.05% 3.475 6.386 4.943
Propionic acid 0.025% 3.870 5.485 4.743
0.05% 3.615 5.590 4.606
SEM 0.050 0.072 0.034
P value 0.0001 0.0001 0.0001
Interaction effect
Acacia Organic acids
0 0 2.994 6.083 4.488"¢
Acetic acid, 0.025% 3.820 5.760 4.879
0.05% 3.362 7.472 5.29F
Propionic acid 0.025% 3.488 5.209 4.458"
0.05% 2.979 6.313¢ 4.59¢
16.5% 0 3.880 6.281° 5.163
Acetic acid 0.025% 2.808 5.90f¢ 4.241
0.05% 3.940 6.359° 5.246"
Propionic acid  0.025% 3.860 6.753 5.37F
0.05% 3.660 5.999¢ 4.902
33% 0 3.897 6.408 5.197
Acetic acid 0.025% 3.152 6.88% 4.86%
0.05% 3.f22 5.327 4.29f
Propionic acid  0.025% 4.262 4.492 4.40f
0.05% 4.279 4.316 4.290"
SEM 0.087 0.125 0.059
P value 0.0001 0.0001  0.0001

#"Means within a column not sharing similar supépssrare significantly different (P<0.05). NS (P&%).
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increasing level of ALM in the diet; on the othenll, the obtained results during the period
from 9-11 weeks of age indicated significant imgnment in feed conversion ratio reached to
17.1% from control.

When the data are pooled, the results indicatedrbbusion of ALM in the diets at both
levels (16.6 or 33%) during the period 5-9 weeksulted in significant (P< 0.0001)
deterioration (8.7 or 12.3%) in feed conversiomor#thtan the control. On contrast, significant
improvement in feed conversion ratio was detectéerwrabbits fed diet containing 33%
ALM during 9-13 weeks of age and during the whotpezimental period, where rabbits fed
33% ALM-diet had better values of feed conversiatiorthan those fed control diet by 11.2
and 2.7%, respectively.

In this respect, Abd EI-Galil (2001) stated thdiliss fed 10 or 20% ALM in their diets
showed the same feed conversion ratio in compasmstincontrol, however, rabbits received
diets containing 30-40% ALM were to some extentrgadeed conversion ratio as compared
to control or the other experimental groups.

Regardless to the effect of ALM, the present raesltlicated that, when applying acetic
acid at 0.025 or 0.05%, feed conversion ratio improvedb-da weeks, however, it only
improved at 7-9 weeks with 0.025% level, then itederated during 9-11 weeks of age,
however, it had insignificantly improved during theriod 11-13 weeks o age.

A significant (P< 0.0001) improvement in feed conversion ratio wasorded during
11-13 weeks of age with supplementing 0.05% prapi@cid in the diet as compared to
control or the other experimental groups.

Pooled results showed that addition of 0.025% ecatidto the diet showed positive
effect on feed conversion ratio during 5-9 weeks@é. This treatment showed less value of
feed conversion ratio by 8.3% than those of conWdith advantage in age this significant
effect disappears during 9-13 weeks of age. Prapiacid at levels 0.025 or 0.05% showed
significant positive effect on feed conversionaaduring 9-13 weeks of age, where the feed
conversion ratio values of the groups received ®@20.05% propionic acid were better than
that of control group by about 12.3 or 10.7%, refigely.

Throughout the whole experimental period (5-13 vg@ekhe groups of rabbits fed
0.025% acetic acid or those fed 0.05% propionid aecorded significant improvement in
their values of feed conversion ratio in comparigonthe control group by 5.9 or 6.7%,
respectively. The obtained results were in accardawmith the results of Castrovilli (1991)
who found that feed conversion efficiency by rabhitas improved with addition of 0.15 or
0.3% mixture of organic acids including citric aclibwever, the previous findings were in
contrast with those of Zaghiet al. (1986) who reported that addition of 1.5% of eith#ric
or fumaric acid had no significant effects on feedversion ratio.

The interaction effect between the studied traiés wbserved during all periods of the
study. The best results of feed conversion raticewsbserved by feeding 16.5% ALM-diet
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with 0.025% acetic acid during the period 5-9 weakage and during the whole experimental
period. However, rabbits fed 33% ALM-diet with 03@r 0.05% Prop showed the best values
of feed conversion ratio at 9-13 weeks.

4.2.2. Apparent digestibility coefficients of nignits

Data for the digestibility coefficients of variousitrients as affected by the dietary
different levels of acacia and supplemented witfanic acids at 13 weeks of age are shown in
Table 10.

The incorporation of ALM in rabbit diets resultad mon significant differences on the
digestibility coefficients of dry matter (DM), orge matter (OM), crude fiber (CF) and
nitrogen Free extract (NFE). However the differeneeere significant for the digestibility
coefficients of crude protein (CP) and ether ext4EE). Feeding 16.5% ALM-diet resulted
in non significant effect on digestibility of CPowever it increased digestibility coefficient of
EE. On the other hand, feeding 33% ALM-diet had atieg effects on the digestibility
coefficient of CP. The probable interpretation foe decreasing of digestion coefficients of
some nutrients is due to the presence of tannimb grenolic amines in ALM. These
substances, however, form insoluble complexes prititeins and carbohydrates lowering the
nutritive value of the product (Ferket and Middeltd999; Reddy, 1999). In this respect,
Akbar and Gupta (1985) added that tannin formuéajgotein-tannin complexes in the gut
which results in limiting dietary protein availabjl Also, Picardet al. (1987) presented very
low amino acids digestibility values for leucaeiagritian Acacia) leaf meal.

The results of the present study were in agreemht those of Abdel-Sameet al.
(1994) that showed that digestibility of various merits in the ration containing high ALM
level were significantly lower than in the contréllso, Abdel-Sameest al. (1992) found
similar trend for acacia leaves when fed to growigW rabbits. El-Eraky and Mohamed
(1996) found insignificant differences in DM, OMFGind NFE among rations containing
different levels of acacia leaves (0, 15 and 30%6ith Barki sheep El-Lakangt al. (1991)
indicated that replacing 50% of the daily dry ma#kalfa intake with Acacia foliage reduced
digestible crude protein.

Irrespective of ALM levels, the results showed tapparent digestibility coefficients of
different nutrients were not affected by differemganic acids. However, the data in Table 10
showed that addition of 0.025 and 0.05% acetic awstgnificantly increased the apparent
digestibility of crude protein by 0.8 and 1.5%, aeufiber by 1.8 and 3.9%, nitrogen free
extract by 0.6 and 1.7% and organic matter by 1286, respectively, in comparison with
control. While the digestibility of ether extraciad dry matter was not differed significantly
within the treatment groups. The improvement indlgestibility of crude protein, crude fiber,
nitrogen free extract and organic matter by addited acetic acid may be related to the
lowering of intestinal and caecum pH, which in timarease the activity of microflora which
digest such components (Scipi@hal, 1978 and Zaghinét al, 1986).
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Table (10). Digestibility coefficient (%) of expenmental diets containing different
levels of acacia and supplemented withganic acids.

Treatments DM oM CP EE CF NFE
Main effect of (AL)
0.0 85.32 57.95 67.30 75.22° 38.51 61.94
16.5% 85.04 57.73 66.7F* 79.60 41.06 61.56
33% 85.63 56.11 65.19 74.89° 3852  60.39
SEM 0.206 0.633 0.499 0.343 0.891 0.573
P value NS NS 0.03 0.0001 NS NS
Main effect of organic acid supplement
Control 0 85.07 57.13 66.26 76.75 39.30 61.27
Acetic acid 0.025% 85.34 57.70 66.76 76.71 39.99 61.66
0.05% 85.17 58.37 67.26 76.90 40.83 62.31
Propionic acid0.025% 85.29 56.54 65.86 76.31 38.28 60.62
0.05% 85.77 56.58 65.84 76.19 38.43 60.63
SEM 0.266 0.819 0.643 0.442 1.149 0.739
P value NS NS NS NS NS NS

Interaction effect
Acacia Organic acids

0 0 86.00 57.4666.94 75.13 37.72 61.49
Acetic acid, 0.025% 85.46 58.2667.56 75.39 39.03 62.20
0.05% 84.52 58.1567.41 74.87 38.71 62.20
Propionic acid 0.025% 84.77 57.6967.14 75.27 38.08 61.67
0.05% 85.86 58.1967.45 75.46 39.02 62.14
16.5% 0 84.24 57.56 66.47 80.13 41.32 61.51
Acetic acid 0.025% 85.02 58.8767.63 80.03 4253 62.56
0.05% 84.98 60.5968.94 80.77 44.87 64.16
Propionic acid 0.025% 85.39 55.6465.11 78.55 38.05 59.61
0.05% 85.58 56.0165.39 78.54 38.54 59.96
33% 0 84.99 56.3665.39 75.02 38.85 60.82
Acetic acid 0.025% 85.54 55.9865.09 74.71 38.40 60.24
0.05% 86.01 56.3865.44 75.05 38.91 60.56
Propionic acid0.025% 85.74 56.2965.33 75.10 38.71 60.58
0.05% 85.89 55.5364.69 74.56 37.74 59.78

SEM 0.461 1416 1.116 0.766 1.994 1.281

P value NS NS NS NS NS NS

&b Means within a column not sharing similar supépgsrare significantly different (P<0.05). NS (P&%).
DM=dry matter, OM organic matter, CP=crude prot&R=ether extract, CF=crude fiber, NFE nitrogem fre
extract
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The data presented in Table 10 demonstrated thaifisant effect of the interactions
between the studied traits was not observed, hawéwe data showed that OM, CP, EE, CF,
and NFE were improved by 5.4, 3.0, 7.5, 19.0 aB&ocdwhen the rabbits fed 16.5% ALM-diet
with 0.05% acetic acid supplementation. Also, addiof both organic acids to the basal diet
resulted in numerical improve in digestibility cbeients of OM, CP and CF. El-Kerdawy
(1996) observed that 0.5% fumaric acid did notdftetal tract apparent digestibility of dry
matter or organic matter of growing rabbits, altfjlowigestibility of crude protein and crude
fiber significantly increased.

4.2.3. Nutritive values

The results of DCP, TDN and ME (Kcal / Kg diet) wa$ as affected by different levels
of ALM, types of organic acids and their interaosoat 13 weeks of age are shown in Table
11.

The results showed that DCP, TDN and ME were ngniscantly affected by ALM
levels, type of organic acids and their interactiorbut the data showed numerical
improvement in TDN and ME due to feeding 16.5% Aldts with 0.025 or 0.05% acetic
acid supplementations. The improvement reached3@id 1.3% for diet containing 0.025%
acetic acid; however it was 4.1 and 4.1% for daitaining 0.05% acetic acid, respectively.
Significant deterioration was observed in DCP value to feeding rabbits 33% ALM-diet.
The reduction in DCP value may be due to contairiigh concentrations of numerous
amines and alkaloids. Forlesal. (1994) reported that acacia contains high conceéotrsif
numerous amines and alkaloids. These compoundshamacterized by the fact that they
contain nitrogen and are to a greater or lessenéxoxic.

4.2.4. Carcass characteristics

Data concerning the effect of different levels dfM\ types of organic acids and their
interactions on carcass characteristics of NZW ital#t 13 weeks of age are shown in Tables
12, 13 and 14.

The preslaughter weight, slaughter weight, hotassccold carcass and fur percentage
of rabbits fed ALM-diets was significantly affecteg different treatments. The data indicated
that the rabbits fed control diet had significar(fy< 0.01) the heaviest preslaughter weight
compared to the groups fed ALM containing-dietse Tepression of preslaugter weight in
rabbits fed ALM-diets is mainly due to the decreaselaily weight gain obtained by those
rabbits.

The group of rabbits fed 16.5% ALM containing-dietdhibited similar significant effect
on hot carcass and cold carcass as compared tmldfbwever, the group fed 33% ALM-
diet demonstrated significant P0.01) decrease in hot and cold carcass as comparbe
other experimental groups. Fur percent signifigaRI< 0.01) increased with increasing level
of ALM in the diet.
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Table 11. Nutritive value of different experimemal diets containing different levels
of acacia and supplemented with organic ais.

Treatments DCP TDN ME
Main effect of (ALM)
0.0 11.18 52.43 2194.54
16.5% 11.0% 52.63 2202.67
33% 10.72 51.05 2136.57
SEM 2.96 0.516 21.55
P value 0.02 NS NS
Main effect of organic acid supplement (OA)
Control 0 10.97 52.03 2177.71
Acetic acid 0.025% 11.05 52.35 2191.07
0.05% 11.13 52.91 2214.37
Propionic acid 0.025% 10.90 51.46 2153.60
0.05% 10.89 51.44 2152.88
SEM 3.85 0.665 27.839
P value NS NS NS

Interaction effect
Acacia Organic acids

0 0 11.12 52.01 2176.80
Acetic acid, 0.025% 1£.2 52.69 2205.00
0.05% 11.20 52.59 2201.06
Propionic acid 0.025% 11.15 52.22 2185.30
0.05% 11.21 52.68 2204.53
16.5% 0 11.03 52.75 2207.50
Acetic acid 0.025% 11.22 53.44 2236.67
0.05% 11.44 54.92 2298.57
propionic acid 0.025% 10.80 50.91 2130.77
0.05% 10.85 51.13 2139.83
33% 0 10.75 51.34 2148.83
Acetic acid 0.025% 10.70 50.93 2131.53
0.05% 10.76 51.22 2143.47
Propionic acid 0.025% 10.74 51.25 2144.73
0.05% 10.64 50.52 2114.27
SEM 6.77 1.153 48.276

P value NS NS NS

Means within a column not sharing similar supepsrare significantly different (P<0.05). NS (P>8).0
ME was calculated according to Forbs (1985).
ME = TDN x 41.85
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Table 12. Carcass characteristics of growing NEZ tabits as affected by feeding diets
containing different levels of acacia and suppmented with organic acids.

Treatments Live Slaughter Fur Hot cold
Weight (g) Weight (%) (%) Carcass (%arcass (%)
Main effect of (ALM)
0.0 1880.8 96.65% 13.182 56.673 53.531a
16.5% 18204 96.888  13.186" 58.777 56.008a
33% 1852.9 96.622 13.196 56.063  53.462b
SEM 9.566 9.45 1.78 5.761 5.457
P value 0.0005 0.001 0.01 0.001 0.003
Main effect of organic acid supplement
Control 0 18106 96.940 13.134 57.158 54.2868
Acetic acid 0.025% 1896.0 96.292 13.38f 57.247 53.97%"
0.05% 1801.2 97.019 13.158 57.873 55.502
Propionic acid0.025% 1875.3 96.817  13.18%* 57.348 53.879
0.05% 18729  96.556 13.076  56.202 54.012"
SEM 12.341 12.19 2.29 7.432 7.04
P value 0.0001 0.0001 0.0001 0.0001 0.005
Interaction effect
Acacia Organic acids
0 0 1916.0 96.718" 13.326 56.242 52.630
Acetic acid, 0.025% 1869.0 96.108 13.158 55.062 52.766
0.05% 1773.3 97.023 12.972 58.016 56.048
Propionic acid 0.025% 1976.0 96.796  13.096' 57.518 53.49¥
0.05% 1874.7 96.665 13.37f 56.574 52.878
16.5% 0 17777 96.953  13.097" 59.08% 56.40%
Acetic acid 0.025% 2014.0 96.668" 13.423 59.9385 56.49%
0.05% 1768.3 96.590  13.388° 58.897 56.42%"
Propionic acid 0.025% 1718.0 96.649  13.076' 58.827 55.090
0.05% 1839.3 97.033 12.867 56.766° 55.28F
33% 0 17380 97.187 12.969" 56.197 53.941
Acetic acid 0.025% 1808.0 96.066 13.573 56.516 52.404
0.05% 1874.0 96.898° 13.056 56.494" 53.858
Propionic acid 0.025% 1948.0 96.98% 13.364 55.862 53.20F
0.05% 1904.7 95993 12989 55290 53.888
SEM 21.77 21.52 4.04 13.11 12.42
P value 0.0001 0.0001 0.0001  0.0001  0.0001

" Means within a column not sharing similar supépgsrare significantly different (P<0.05). NS (P&%).
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Table 13. Edible organs of growing NZW rabbitsas affected by feeding diets
containing different levels of acaciand supplemented with organic

acids.
Treatments Kidney (%) kidney fat (%) Hed#)( Liver(%)
Main effect of (ALM)
0.0 0.776a 0.461 0.313 3.516
16.5% 0.760a 0.4i5  0.298 3.794
33% 0.721b 0.437 0.323 3.448
SEM 0.08 0.06 0.04 0.57
P value 0.0001 0.0001 0.0001 0.0001
Main effect of organic acid supplement
Control 0 0.752 0.457 0.293 3.589
Acetic acid 0.025% 0.7%0 0.45% 0.314 3.61%
0.05% 0.7°78 0.407 0.317 3.514
Propionic acid0.025% 0.782 0.411 0.303 3.778
0.05% 0.741 0.460 0.32% 3.434
SEM 0.1 0.07 0.06 0.73
P value 0.0001 0.0001 0.0001 0.0001
Interaction effect
Acacia Organic acids
0 0 0.793 0.509 0.30% 3.697
Acetic acid, 0.025% 0.757 0.492 0.346" 3.340
0.05% 0.790 0.40% 0.319° 3.516
Propionic acid 0.025%  0.781 0.43f 0.30% 3.697
0.05% 0.734 0.467 0.313 3.300'
16.5% 0 0.842 0.447° 0.288 3.916
Acetic acid 0.025% 0.765 0.449 0.303 3.744¢
0.05% 0.603  0.402° 0.289 3.853
propionic acid 0.025% 0.815 0.372 0.289 3.81f
0.05% 0.728  0.400 0.308 3.71%
33% 0 0.634 0.411 0.287 3.168
Acetic acid 0.025% 0.732 0.423"¢ 0.293 3.749
0.05% 0.738 0.414 0.359 3.189
Propionic acid 0.025% 0.743  0.425° 0.279% 3.832"
0.05% 0.804 0.510 0.306 3.747
SEM 0.18 0.13 0.1 1.29
P value 0.0001 0.0001 0.0001 0.0001

*"\Means within a column not sharing similar supamsrare significantly different (P<0.05). NS (P%).
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Table 14. Inedible organs of growing NZW rabbits a affected by feeding diets
containing different levels of acacia andupplemented with organic acids.

Treatments Cecum (%)Stomach (%) Intestine (%) LyPas
Main effect of (ALM)
0.0 5.988 5.083 12.0%1  0.646
16.5% 5.818 5.229 11.109 0.617
33% 6.172 5.362 11.573  0.613
SEM 0.57 2.36 2.98 0.07
P value 0.001 NS 0.0001 0.0001
Main effect of organic acid supplement
Control 0 5.959 5.482 10.578 0.618
Acetic acid  0.025% 5.976 4.984 11.80% 0.628
0.05% 6.637 5.309 11.680 0.62%
Propionic acid  0.025% 6.301 5.128 11.958 0.623
0.05% 5.685 5.229 11.80% 0.62%
SEM 0.74 3.04 3.84 0.09
P value 0.0001 NS 0.0001 0.0001
Interaction effect
Acacia Organic acids
0 0 5.461 5.163 11.890 0.647
Acetic acid, 0.025% 6.386 4.732 12.805% 0.603
0.05% 6.178 5.54F 11.257 0.64%
Propionic acid 0.025% 6.529 5.209 12.48% 0.648
0.05% 5.364 4.783 11.625 0.662
16.5% 0 5.9%53 5.744 9.67(f 0.619
Acetic acid 0.025% 6.081 5.325 11.454 0.648
0.05% 5.753 5.41% 11.143 0.607°
propionic acid 0.025% 5.811 4.691 11.899 0.609
0.05% 5.463 4.949" 11.35& 0.598
33% 0 6.513 5.565 10.06% 0.586
Acetic acid 0.025% 5.427 4.863 11.169 0.63F
0.05% 6.179 4.993" 12.593 0.624
Propionic acid 0.025% 6.496 5.430° 11.480 0.610
0.05% 6.213 5.944 12.433 0.615°
SEM 1.31 5.36 6.78 0.17
P value 0.0001 0.002 0.0001 0.0001

#kMeans within a column not sharing similar supepssrare significantly different (P<0.05). NS (P&%5).
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The relative weights of kidneys significantly €F0.01) decreased when rabbits were fed
33% ALM-diet as compared to the group fed 16.5% Atit or control. Rabbits fed 16.5%
ALM-diet were significantly the same as those fdu tcontrol diet. Kidney fat was
significantly decreased with inclusion of ALM indldiet. Significant (K 0.01) differences
were observed for heart, liver, cecum and intespeentages, however, these differences
had no trend, this might be due to the low numlb¢éh® samples used in this study. Stomach
percent was not affected by different levels of ALM

In this respect, EI-Gendy (1999) suggested thatgueages of each for dressing, carcass,
giblets and alimentary tract weights were insigifitly affected by feeding rabbits on a diet
containing up to 30% ALM. In addition, Abdel-Sanmetal. (1992) reported similar results on
dressing weight and giblet weight percentages vaitibit fed 100, 80. 60 and 40% concentrate
plus acacia leaves.

When the effect of ALM levels was over looked, thesults indicated that, when
applying acetic acid at 0.025, propionic acid &26. or 0.05%, preslaughter weight improved
(P< 0.01) by 4.7, 3.6 and 3.4% in comparison withtaanAlso, inclusion of 0.05% acetic
acid or 0.025% propionic acid in the diets resultedignificant (P< 0.01) increase in hot
carcass percentage, however, only 0.05% acetic iacictased (P< 0.01) cold carcass
percentage in comparison with control. Fur pergesbtrded the highest value in the group
received diet containing 0.025% acetic acid, howewe lowest group in this trait was
observed in rabbits fed 0.05% propionic acid camtg diet.

Concerning liver and kidney weight percentages rédselts demonstrated that the group
fed 0.025% propionic acid recorded the highest esmluhowever, the group fed 0.05%
propionic acid recorded the lowest values. The kiwealue of kidney fat percent was
observed in all groups fed organic acids in thetdin comparison with the control one.

Cecum and intestine percentage recorded the higlages in the group received
0.025% propionic acid in their diet.

Significant (P< 0.01) effect due to the interactions betweenl$wgé ALM and organic
acids was detected in all carcass studied traits pFeslaughter weight, hot and cold carcass,
the best results were obtained when rabbits fe8%6ALM-diet with supplementation of
0.025% acetic acid. The highest kidney weight pgagee and the lowest kidney fat were
recorded in the group fed 16.5% ALM with 0.025 paoyic acid.

4.2.5. Hematological parameters of the btood

Some hematological parameters of blood have bsed as indicators of the nutritional
and physiological status of growing NZW rabbits1& weeks of age. The results of the
estimated hematological blood parameters are pieém Table 15.

Red blood cells (RBCs) count, hemoglobin (HB), matkell volume% (PCV) and white
blood cells (WBCs) as affected by different treattseare presented in Table 15 and Figs. 15
and 16.
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Table 15. Hematological parameter of growing NZW abbits as affected by feeding
diets containing different levels of acacia and sygemented with organic

acids.
Treatments Hematological parameter
HB(g/dl) RBC PCV % WBC
Main effect of (ALM)
0.0 13.46 5.78 44.08 9.48
16.5% 13.18 573 42.08 9.69
33% 12.08 5.10 41.74 8.1T
SEM 0.016 0.009 0.051 0.031
P value 0.0001 0.0001 0.0001  0.0001
Main effect of organic acid supplement
Control 0 12.85 567 42.50 9.07
Acetic acid 0.025% 1285 567 4265  9.09"
0.05% 1287 5.60" 42.70 9.14
Propionic acid 0.025% 1291 556 42,62  9.08
0.05% 1287 5.28 42.70  9.10"
SEM 0.013 0.013 0.066 0.013
P value 0.0001 0.0001 NS 0.0001
Interaction effect
Acacia Organic acids
0 0 13.32 581  44.03 9.56
Acetic acid, 0.025% 13.41 5%7  44.12 9.48
0.05% 13.43 5°80 44.10 9.43
Propionic acid 0.025% 13.41 574  44.09 9.43
0.05% 13.41 5°80  44.05 9.50
16.5% 0 13.17 592  42.03 9.54
Acetic acid 0.025% 13.15 589  42.02 9.72
0.05% 13.15 5%0 42.07 9.77
Propionic acid 0.025% 13.18 588 42.21 9.68
0.05% 13.14 5703  42.10 9.74
33% 0 12.04 515 41.44 8.12
Acetic acid 0.025% 11.99 516 41.82 8.08
0.05% 13.32 5908 44.03 9.56
Propionic acid0.025% 13.41 507 44.12 9.48
0.05% 13.43 503  44.10 9.43
SEM 0.028 0.022 0.115 0.069
P value NS 0.0001 NS NS

#"Means within a column not sharing similar supepssrare significantly different (P<0.05). NS (P&%).
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However, mean corpuscular hemoglobin (MCH), meapuscular volume (MCV) and
mean corpuscular hemoglobin concentration (MCH@)@mesented in Table 16 and Figs. 17
and 18

Red blood cells, hemoglobin (HB) and packed celure (PCV) were significantly P
0.0001) decreased with increasing level of ALMhe tiet. However, white blood cells were
significantly (P< 0.0001) increased in the group fed 16.5% ALM aedrdased in the group
fed 33% ALM in comparison with control (Table 15daig. 14).

Results presented in Table 16 and Fig. 16 showggdfisiant P< 0.0001) impact of 33%
ALM-diets on mean corpuscular hemoglobin (MCH) andan corpuscular volume (MCV).
They increased to surpass the control one by 21I7a%0, respectively. However, at this level
mean corpuscular hemoglobin concentration (MCHC)s veggnificantly decreased. The
decrease es in HB, RBCs and PCV of rabbits coulicate anemia as evidenced by any
significant increase in MCV and significant deceeas MCHC values (Al-Redhaimast al.,
2003).

In this respect, Kamel and Mervat (2000) showed i@ high levels oAcacia saligna
60% gave a decrease in Hb, RBCs and PCV. Knoetlet., 2000; Egli and Blum, 1998;
Zankeret al., 2001a; Mohriet al. (2006), suggested that, because the erythrocytebau
remained stable, whereas hemoglobin concentratinod BCV decreased, there was
development toward microcytes and hypochromic aaemdiohri et al. (2006) showed that
regard to a declining trend in PCV and hemoglobamcentration while RBC showed an
increasing trend, may implicate a state of micnocghange probably due to iron deficiency.
The availability of sulphur and iron also becomiesiting to animals consuming tannin-rich
foliage Robyn and Anthony. (2002).

The positive correlations between PCV, RBC, and with performance evinced in
this study agreed with the previous results onitat@md broiler chickens (Onifade and Tewe,
1993; Onifade, 1997; Onifade and Abu, 1998).

Irrespective of ALM levels, the results showed thdtlition of propionic acid to the
diets had negative effect on RBCs count in comparisith control; however it had positive
effect on HB concentration. Also, insignificantexft was detected on PCV and WBCs. Acetic
acid had insignificant effect on HB, RBCs, PCV aN@8Cs, except the level of 0.05% acetic
acid it increased (R 0.0001) concentrations of WBCs in comparison wihtrol.

The obtained results (Table 16) indicated that ®.@Ghd 0.05% propionic acid
supplementations to the diet resulted in signifi¢@x 0.0001) increase in MCH and MCV in
comparison with control. Also, 0.05% acetic aridreased the MCV value, however, MCHC
insignificantly affected by organic acid supplenaiuns.

In general, the organic acids showed insignificaeterioration effect on blood
hematological parameters.
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Table 16. Hematological parameter of growing NZW abbits as affected by feeding
diets containing different levels of acaciand supplemented with organic

acids.
Hematological parameter
Treatments MCH MCV MCHC
Main effect of (ALM)
0.0 23.17 76.28 30.39
16.5% 23.08 73.82 31.27
33% 23.68 81.90 28.87
SEM 0.055 0.180 0.046
P value 0.0001 0.0001 0.0001
Main effect of organic acid supplement
Control 0 22.87 75.79 30.22
Acetic acid 0.025% 2294 76.29° 30.12
0.05% 23°03 76.60 30.13
Propionic acid 0.025% 2324 76.87 30.28
0.05% 24°43 81.07 30.14
SEM 0.071 0.243 0.06
P value 0.0001 0.0001 NS
Interaction effect
Acacia Organic acids
0 0 2295 75.83 30.26
Acetic acid, 0.025% 23.99 76.52¢ 30.39°
0.05% 2315 76.04 30.48
Propionic acid 0.025% 23%8 76.85 30.43
0.05% 2344 75.99 30.44
16.5% 0 2295 70.99 31.34
Acetic acid 0.025% 2282 71.3¢° 31.3F
0.05% 2297 71.27 31.25%
propionic acid 0.025% 2292 71.78 31.22
0.05% 26%14 83.76 31.2F
33% 0 2391 80.53 29.06
Acetic acid 0.025% 2324 81.05% 28.67F
0.05% 22°05 82.50 30.26
Propionic acid  0.025% 2329 81.96 30.39
0.05% 2315 83.4%8 30.45%
SEM 0.123 0.421 0.104
P value 0.0001 0.0001 0.0001

#"Means within a column not sharing similar supepssrare significantly different (P<0.05). NS (P&%).
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Acacia leave meal levels and organic acids suppiéatien interaction had no any
significant effect on HB, PCV and WBCs. However, GBsignificantly affected by the
interaction and the group fed 16.5% ALM-diet re@umtdthe highest value among all the
experimental groups (Table 15). Also, significaffiée due to the interaction was observed on
MCH and MCV, since feeding 16.5% ALM-diet with 0%5propionic acid as compared to
the other experimental groups showed the highdsesaAs a general trend, feeding 16.5%
ALM-diets to the growing NZW rabbits with or withbwrganic acids supplementation
resulted in increasing MCHC.

4.2.6._Effect of experimental treatments on biocicairaits at 13 weeks of age

Blood biochemical parameters of NZW rabbits at E2ks, which were measured in the
present study, were selected to reflect the meatalsthtus of rabbits and to monitor their
health sub-clinically.

4.2.6.1. Liver Function Determination:
4.2.6.1.1._Plasma_asparatate aminotransferase (ASTalanine aminotransferase (ALT)
and Thiobarbituric acid reacting substances (TBARSoncentrations

The function of plasma transaminases (AST and Aéffdymes in the living cells is to
transfer the amino group from amino acid to syniggeanother one and play an important role
in gluconeogenesis (Harpet al., 1977). Roseret al. (1958) found that the increase in
transaminases activity is related to amino acidailatice which indicates protein catabolism.
In addition, Kuttler and Marble (1958) and Cornsli1960) reported that the serum
transaminases activity is considered as an indexhi® diagnosis of tissue necrosis, hepatic
injury and muscular degeneration.

Plasma asparatate aminotransferase (AST) condenti@diable 17) was insignificantly
affected by inclusion ALM in the diet up to 16.5%gwever, it increased (R 0.0001) by
10.0% in the plasma of rabbits fed 33% ALM-dietcasnpared to control. Significant @
0.0001) linear effects on alanine aminotransfergder) were detected in the groups of
rabbits fed 16.5 or 33% ALM in their diets. ThewaBon of AST and ALT in the plasma of
rabbits could indicate on the liver dysfunction andcrosis. Since these enzymes are
considered to be very sensitive indicator of ligel damage and dysfunction (De Ritis, 1958
and Sherlock, 1975).

In this respect, Abou- Zeid al. (2001) found that activities of (ALT) and (AST) were
increased with increasing (Azolla hay) levels ia thets. This suggests that a low background
rate of both enzymes was released into the serom fhe liver. The implication is a normal
functioning of the hepatic tissues (Walmsley anditd/HL994 and Rosenthal, 1997). On the
contrary, the significantly higher (0.05) AST in rabbits fed the 16.6% ALM-diet sugges
considerable leakage of the hepatic enzymes iredbthod arising from a certain degree of
damage of the hepatocyte and/or other tissues (#¥a&nand White, 1994; Rosenthal, 1997).
However, such a definitive conclusion was difficultthe present study because there was a
lack of morbidity and mortality associated with tmarked increase in AST and ALT. Other
non-hepatic conditions, macro- and micro-nutriemfiglencies, might have caused the
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observed elevated activities (Walmsley and Whig941 Adisa and Odutuga, 1998). Asanuma
et al. (1997) have indicated that in the absence of espamific disease, a high serum
concentration of the aminotransferases may beudtaes of formation of aminotransferase *
immunoglobulin complex.

Irrespective of ALM levels, the results in Tablé 4nd Figs. 19 and 20 demonstrated
that AST was significantly (R 0.05) increased in the group of rabbits fed dsefsplemented
with 0.05% acetic acidn comparison with control, however, ALT concentat was
significantly (P< 0.01) decreased when NZW rabbits fed diet coimgif.025% acetic acid.

It can be observed that the mean values of the @®i€entration obtained in the current study
fell within the normal physiological range. Grassmaand Klasna (1986) reported that
supplementation of basal diet of rats by 3% ciawed significantly increased the activity of

GOT and GPT enzymes. The contrast between thesksrasd our data may be related to the
differences in the level of citric acid used.

4.2.6.1.2. Plasma total protein, albumin and globul concentrations
The values of total protein, albumin, globulin amtumin/globulin ratio are shown in
Table 18 and Figs. 21 and 22.

The results showed that the inclusion of ALM in N2®bbit diets at the studied levels;
irrespective of organic acids supplementation affdasma total protein, albumin, globulin
concentrations and the albumin/globulin ratio. Tqteotein was significantly decreased by
feeding 16.5 or 33% ALM-diets, however, albumin cemtration was significantly (K
0.0001) decreased when NZW rabbits fed 33% ALMheirtdiet as compared to the control.
Feeding rabbits diet containing 16.5% ALM had assgnificant (P< 0.0001) decrease in
globulin concentration. The decrease in globulimaamtration in this group might be
explaining the increasing number of dead animadhis group (Table 3). Kholiét al. (1996)
reported that the normal globulin value indicatesdyimmunity status of the animal.

In this concern, El-Eraky and Mohamed (1996) andGEBhdy (1999) found that NZW
rabbits fed acacia leaves up to 30% for 8 weeksetlaon significant changes in total lipids
and total protein. On the other hand, Abdel-Sasteg. (1992) found that up to 40% acacia
leaves can be included in the diets of growing itablwvithout negative effects on the
physiological functions.

When the effect of ALM levels was overlooked, tlesults showed that organic acids
supplementation had significant effect on serunaltprotein, globulin concentrations and
albumin / globulin ratio. Only propionic acid atvéd 0.025% showed significant @ 0.01)
decrease in total protein and globulin concentnatiand significant (K 0.05) increase in
albumin / globulin ratio in comparison with the tah group fed diet without supplementing
organic acids. Albumin concentration was not a#dcby organic acid supplementations.
Zaghiniet al. (1986) found that total protein, urea and creaéravels in the blood of rabbits
were unaffected significantly by feeding diets @nihg 1.5% citric or fumaric acid.
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Table 17. Blood Biochemicals of growing NZW rabits as affected by feeding diets
containing different levels of acacia andupplemented with organic acids.

Treatments Glo(g/dl) Uream (g/dl)  TB(g/dIAST@L) ALT(w/L)
Main effect of (ALM)
0.0 107.98  43.547F 0.262 64.764 36.366
16.5% 107.61  41.698 0.263 64.636  36.686
33% 92.09 50.496 0.287 71.243  43.148
SEM 0.218 1.565 0.001 0.106 0.041
P value 0.0001 0.01 0.0001 0.0001 0.0001
Main effect of organic acid supplement
Control 0 102.35 46.300 0.268 66.588  38.83%"
Acetic acid 0.025%  102.58 46.174 0.271 66.813°  38.514
0.05% 102.80 46.279 0.273 67.17Ff  38.688
Propionic acid 0.025% 102.56  46.080 0.270 66.842°  38.858
0.05% 102.47 46.378 0.270 66.99G"  38.77%"
SEM 0.281 0.018 0.001 0.136 0.053
P value NS NS NS 0.05 0.0004
Interaction effect
Acacia Organic acids
0 0 107.35  43.74 0.262 64.720 36.547
Acetic acid, 0.025%  107.%4  43.65 0.262  64.303  36.207
0.05% 10950 43.88 0.265  65.220 36.273
Propionic acid 0.025% 10783 43.21 0.262  64.95%" 36.397
0.05% 10744  43.22 0.262 64.626 36.407
16.5% 0 107.%0  44.39 0.261 64.61%  36.887
Acetic acid 0.025%  107.05 44.50 0.264 64.077  36.077
0.05% 107%2  44.23 0.266 65.057 36.757
propionic acid 0.025%  107.96  44.35 0.263  64.820  36.857
0.05% 107%2 31.01 0.263 64.617  36.857
33% 0 91.81 50.77 0.283  70.433  43.063
Acetic acid 0.025% 93.26  50.38 0.289  72.060 43.2606
0.05% 91%6  50.72 0.290  71.23F  43.037
Propionic acid0.025% 91.89  50.68 0.288  70.753  43.320
0.05% 9227  49.90 0.286  71.727  43.063
SEM 0.487 35 0.002 0.236 0.041
P value 0.01 NS NS 0.0005 0.0002

" Means within a column not sharing similar supépssrare significantly different (P<0.05). NS (PS%).

T.P= Total protein, Glo= glucose
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Table 18. Blood Biochemicals of growing NZW rabbg as affected by feeding diets
containing different levels of acacia andupplemented with organic acids

Treatments TP(g/dl)  Albumin (g/dl) Gldimfg/dl) A/G ratio
Main effect of (ALM)
0.0 6.800 3.782 3.015 1.260
16.5% 6.720 3.830 2.897 1.327
33% 6.076 3.140 2.928" 1.072
SEM 0.019 0.029 0.031 0.021
P value 0.0001 0.0001 0.02 0.0001
Main effect of organic acid supplement
Control 0 6.547 3.562 2.986 1.19%
Acetic acid  0.025% 6.555 3.590 2.966 1.213
0.05% 6.580 3.588 2.99F 1.207
Propionic acid 0.025% 6.404 3.615 2.789 1.30F
0.05% 6.548 3.554 2.993 1.190
SEM 0.025 0.037 0.040 0.027
P value 0.0002 NS 0.004 0.03
Interaction effect
Acacia Organic acids
0 0 6.870 3.743 3.127 1.200
Acetic acid, 0.025% 6.853 3.900 2.953 1.323
0.05% 6.807 3.807 3.000 1.277
Propionic acid 0.025% 6.673 3.787 2.887 1.317
0.05% 6.780 3.673 3.107 1.187
16.5% 0 6.770 3.900 2.870 1.360
Acetic acid  0.025% 6.700 3.753 2.947 1.273
0.05% 6.853 3.750 3.073 1.220
propionic acid 0.025% 6.500 3.866 2.633 1.467
0.05% 6.797 3.863 2.933 1.317
33% 0 6.003 3.043 2.960 1.026
Acetic acid 0.025% 6.1%3 3.117 2.997 1.043
0.05% 6.110 3.210 2.900 1.107
Propionic acid 0.025% 6.040 3.193 2.846 1.120
0.05% 6.067 3.127 2.940 1.067
SEM 0.043 0.064 0.069 0.047
P value 0.01 NS NS NS

#"Means within a column not sharing similar supepssrare significantly different (P<0.05). NS (P&8).
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The interaction between ALM levels and organic addpplementation was recorded on
plasma total protein only, however, it not affectedplasma albumin, globulin and the ratio
between them.

4.2.6.1.3._Plasma glucose concentration

Results presented in Table 17 showed that plasm@osgg recorded the same
concentrations in the group fed control diet orsthéed diet containing 16.5% ALM, however,
it significantly (P< 0.0001) decreased in the group fed 33% ALM inrtdest. Wadoockt al.
(1989) indicated that the powdered seed#f\adcia arabica act by initiating the release of
insulin from pancreatic beta cells of normal rafbit

Irrespective of ALM levels, the results showed thisma glucose concentrations were
insignificantly affected by organic acid supplenatiuns.

The significant effect due to the interaction besawe\LM levels and organic acids was
found. The highest glucose concentration was oksem the group fed control diet with
0.05% acetic acith comparison with control, while the lowest valugsre observed in the
groups fed 33% ALM-diet without or supplementedhndifferent organic acids.

4.2.6.1.4._ Plasma urea-N concentration

Data on plasma urea-N concentration for the diffeteeated groups are presented in
Table 17 and Figs. 19 and 20. The urea-N concemravas gradually increased with
increasing level of ALM in the diet and it reachsnificant when rabbits fed the diet
containing 33% ALM. In this respect, El-Eraky aklbhamed (1996) and El-Gendy (1999)
found that NZW rabbits fed acacia leaves up to J0%8 weeks showed non significant
changes in urea-N.

Irrespective of ALM levels, the results showed thaganic acid supplementation had no
effect on urea-N concentration.

Interaction between ALM levels and organic acid gamentation did not show any
significant effect on plasma urea-N concentration.

4.2.6.2. Plasma lipid peroxidation:

Formation of plasma thiobarbituric acid-reactive bstances (TBARS) was
insignificantly affected by inclusion ALM in the eli up to 16.5% (Table 17). However, it
significantly (P< 0.0001) increased by 9.5% in the plasma of ralieiis33% ALM-diet,
respectively, as compared to control. The increagbe formation of TBARS in plasma of
rabbits could indicate lipid peroxidation in thegia. These results were disagreed with the
results of Yousef (2005). He stated that the foromatof thiobarbituric acid-reactive
substances was significantly €P0.05) decreased by Acacia supplementation. Sakteah
(20010 reported that the extracts Adacia nilotica were stronger antioxidants than alpha-
tocopherol. The preferable effect of this matemals demonstrated by Dafallah and Al-
Mustafa (1996) who found that the aqueous extraots Acacia nilotica contain
phytoconstituents such as flavonoids, polysacckar@hd organic acids that may be mainly
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responsible for their pharmacological activitiesari-et al. (2000) reported that flavonoides
(isoflavones) reduce the formation of radicals amdctive oxygen by decomposition of
hydrogen peroxide without generating radicals, bgrghingactive singled oxygen, and by
trapping radicals before they reach a cellulargarghe disagreement between the study of
Yousef (2005) and the present study might be aitteith to either the difference in source of
Acacia, the specific phenolic amines present, tliferdnces in the response of different
species or age of the animals.

When the effect of ALM levels was over looked, ti®ained results demonstrated that
TBARS concentrations were insignificantly affectbg type of organic acids. Also the
interactions between the studied traits were nado

In general, further experimentation is needed tecHp its health- promoting effect in
rabbits in more details.

4.3. Organic acids preservatives effects:
This study has shown the interaction between fuoghdnization and organic acids as
diet preservatives.

Table 19 shows the fungal behavior in the dietaté@ with different types and
concentrations of organic acids. It is clear tHathe inclusion rates of the different organic
acids had anti-mould effect. While acetic abak stronger anti-mould activity than propionic
acid after 7, 14 and 21 days of storage the dieétid acid caused more fixation of the total
fungal count when added at 0.025 or 0.05% levelamspared to propionic acid. The results
showed also that propionic acid at 0.025% leveseduenhancement of the fungal growth at
14 and 21 days as compared to the high level (0.0B@wever, both levels of propionic acid
showed positive effect on fixation of the total @§ah count. These results showed the
beneficial effects of acetic and propionic acidfiew used against different types of fungi
which were indicated by the reduction of total fahgount. This result is supported by the
finding of Marineet al. (2002) and El-Moghazgt al. (2003). EI-Moghazyet al. (2003)
reported that acetic acid, formic acid and propmoatid caused fixation of the total fungal
count when added at lower concentrations and imustes than the inhibitory doses, while
citric acid, fumaric acid and lactic acid causetdarcement of the fungal growth when used at
lower levels. It is clear from Table 19 that, tle¢at count of fungi increased with increasing
number of days of storage the diets in the comgralip.

The higher growth performance of rabbits fed acatic supplemented group could be
attributed to its strongest anti-mould activitycasnpared to rabbits fed propionic acid or both
organic acids in comparison with control.

In conclusion, results indicated that ALM could feel at 16.5% level with 0.025%
acetic acid in their diet to obtain the highestuealof live body weight, viability rate,
enhancing feed intake, and improved feed convensita without any detrimental effects on
blood parameters. Also the level of 0.025% acetid &ad stronger anti-mould activity after
7, 14 and 21 days of storage the diet.
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Table 19. Effect of addition acetic acid or propioit acid on total count of fungi in feed.

Treatments Time of count fungi
0 7 Day hay 2Day
Acacia treatment

0 0 Log’l0  LogldF  Logl1®  Log 10°
Acetic acid, 0.025% Log”10 Log1¢ Log1lCG  Log 1@
0.05% Log’l0  Log1G® Logl1l®  Logid
Propionic acid 0.025% Log”10 Log1l® Log1@  Log 1@
0.05% Log’l0  Log10® Logl®  Logid
16.5% 0 Log 10 Log10  Log1®  Log 10°
Acetic acid 0.025% Log’10 Log1®  Log 1@ Log 10
0.05% Log’l0  Log1®  Log1G  Log 1d
propionic acid 0.025% Log’L0 Log1l® Log10  Log 10
0.05% Log’l0  Log1dF  Log 10 Log 10
33% 0 Log 30 Log10  Log1d  Log10?
Acetic acid 0.025% Log°10 Log1G®  Log 1@ Log 10
0.05% Log’l0 Log1l®  Log1@  Log 1d
Propionic acid 0.025% Log’10 Log1® Log10  Log 1@
0.05% Log’l0  Log1d  Log1@  Log 1@
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In conclusion, our results suggest that ALM coutlfed at 16.5% level in the rabbit
diets with 0.025% acetic acid supplementation t@iolthe highest value of live body weight,
reducing mortality, enhancing feed intake, and wnprg feed conversion ratio without any
detrimental effects on blood parameters. The leveé).025% acetic acid had stronger anti-
mould activity after 7, 14 and 21 days of stordgediet.

Further experimentation is needed to specify thealth- promoting effects on rabbits
in more details.
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CHAPTER 5

SUMMARY

This study was carried out at Borg El-Arab PoulRgsearch Station belonging to
Animal Production Research Institute, AgricultureesBarch Center, and Ministry of
Agriculture during the period from November 2006Rebruary 2007. The analytical part of
this study was performed at the laboratories ofmfali and Fish production Department,
Faculty of Agriculture (Saba Basha), Alexandria Wémsity. The aim of this work was to
investigate the influence of feeding different lsvef acacia leave meal (ALM) without or
with supplementation of different types of orgamaicids on growth performance, nutrients
digestibility, carcass characteristics and somedloonstituents of growing New Zealand
White (NZW) rabbits.

A total number of 135 male New Zealand White (NZy¥owing rabbits at 5 weeks of
age and averaged 570 g body weight were usedsrsthdy. Animals were distributed into 15
experimental groups (9 rabbits for each). Eachugrbas three replicates, 3 rabbits per
replicate. A 3 x 5 factorial arrangement was comeldic Acacia leave meal (ALM) was
included at levels of 16.5 and 33% to replace 5 HdD%, respectively, of the clover hay in
control diet (free of ALM). Each one of these theegerimental diets was supplemented with
or without acetic or propionic acids at two levetsupplementation (0.025 and 0.05%).

The obtained results could be summarized as follows

1- The mean values of chemical composition of ALM as follows: crude protein 16.63%,
ether extract 5.16%, ash 8.67%, nitrogen free-ex%a.73% and crude fiber 17.81% of
which 44.79% was NDF and 23.83% was ADF, indicatimat ALM containing 20.96%
hemicelluloses.

2- Feeding rabbits both diets containing 16.5 o%38LM resulted in reducing live body
weight from the beginning of experiment up to 13k&of age. Rabbits received 0.025%
acetic acid in their diet recorded the best liveybweight at 9, 11 and 13 weeks of age in
comparison with the other experimental groups. NE&bbits received 16.5% ALM with
0.025% acetic acid in their diet recorded the hsglvalue of live body weight.

3- Viability rate was not affected by ALM levelspwever it improved by including acetic
acid (0.025 or 0.05%) or 0.025% propionic acidhie tiets.

4- Including ALM in the diets resulted in linearalease in feed intake during the periods 9-13
and 5-13 weeks of age. On the other side, organdsat 0.025% level had significant
effect on increasing feed intake during the expental periods 7-9, 9-11, 9-13 and 5-13
weeks of age, however, the high levels of both migacids used in this study had
negative effect on feed intake. Addition of 0.028%etic acid to the basal diet free from
ALM resulted in higher increase in feed intake.

5- Inclusion of ALM in the diets at both levels (&6or 33%) during the period 5-9 weeks
resulted in significant (R 0.0001) deterioration in feed conversion rationtii@e control.
On contrast, significant improvement in feed cosiar ratio was detected when rabbits
fed diet containing 33% ALM during 9-13 weeks ofeagnd during the whole
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experimental period, where rabbits fed 33% ALM-digdd better values of feed

conversion ratio than those fed control diet by21and 2.7%, respectively. Level of
0.025% acetic acid improved feed conversion rationg) 5-9 weeks of age, however, both
levels of propionic acid improved it during 9-13 eis of age. Throughout the whole
experimental period (5-13) weeks, the groups obitalfed 0.025%% acetic acid or those
fed 0.05% propionic acid recorded significant imgnment in their values of feed

conversion ratio in comparison to the control groyb.9 or 6.7%, respectively. The best
results of feed conversion ratio were observeddaygling 16.5% ALM-diet with 0.025%

acetic acid during the period 5-9 weeks of age dumihg the whole experimental period
as compared to the other experimental

6- Feeding 16.5% ALM-diet resulted in non signifitaffect on digestibility of CP, however
it increased digestibility coefficient of EE. Oretlother hand, feeding 33% ALM-diet had
negative effects on the digestibility coefficient GP. Organic acids had insignificant
effect on apparent digestibility coefficients offeient nutrients.

7- The different nutritive values of the experimantliets were not affected by different
treatments.

8- The group of rabbits fed 16.5% ALM containingdi exhibited similar significant effect
on hot carcass and cold carcass as compared toolkadbwever, the group fed 33%
ALM-diet decreased these traits. Inclusion of 0.0&8étic acid or 0.025% propionic acid
in the diets resulted in significant P 0.01) increase in hot carcass percentage, however
only 0.05% acetic acid increased<P0.01) cold carcass percentage in comparison with
control. Rabbits fed 16.5% ALM-diet with supplematiin of 0.025% acetic acid showed
the best results for hot and cold carcass percentagomparison with other experimental
groups.

9- Red blood cells, hemoglobin (HB) and packed eellume (PCV) were significantly
decreased with increasing level of ALM in the ditldition of propionic acid to the diets
had negative effect on RBCs count in comparisof wantrol; however it had positive
effect on HB concentration. Acetic acid had insiigaint effect on HB, RBCs, PCV and
WBCs, except the level of 0.05% acetic acid it @ased concentrations of WBCs in
comparison with control.

10- Plasma asparatate aminotransferase (AST) ctratien was insignificantly affected by
inclusion ALM in the diet up to 16.5%, howeverjritreased in the plasma of rabbits fed
33% ALM-diet, but alanine aminotransferase (ALT)reased in rabbits fed ALM
containing diets. Also, AST was significantly inased in the group of rabbits fed diets
supplemented with 0.05% acetic acid in comparisath veontrol, however, ALT
concentration was significantly decreased when NZAWbits fed diet containing 0.025%
acetic acid.

11- Total protein was significantly decreased bgdiag 16.5 or 33% ALM-diets; however,
albumin concentration was significantly decreaséenvNZW rabbits fed 33% ALM in
their diet as compared to the control. Feedingitalaliet containing 16.5% ALM had also
significant decrease in globulin concentration. yYOpkopionic acid at level 0.025%
showed significant (K 0.01) decrease in total protein and globulin coire¢ions and
significant (P< 0.05) increase in albumin / globulin ratio in campon with the control

group.
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12- Plasma glucose was significantly decreasechéngroup fed 33% ALM in their diet;
however, it was not affected by organic acid sumgletations.

13- Plasma urea-N concentration was graduallyeased with increasing level of ALM in the
diet and it reached significant when rabbits feel diret containing 33% ALM; however,
organic acid supplementation had no effect ontthit

14- Formation of plasma thiobarbituric acid-reagtsubstances (TBARS) was significantly
increased by 9.5% in the plasma of rabbits fed 28%-diet as compared to control,
however, it insignificantly affected by organic @i

15- The inclusion rates of the different orgarsaa had anti-mould effect, while acetic acid
has stronger anti-mould activity than propionicdaafter 7, 14 and 21 days of storage
the diet.

CONCLUSION

In conclusion our results suggest that ALM couldfée at 16.5% level in the rabbit
diets with 0.025% acetic acid supplementation t@iolthe highest value of live body weight,
reducing mortality, enhancing feed intake, and wnprg feed conversion ratio without any
detrimental effects on blood parameters. Also theell of 0.025% acetic acid had stronger
anti-mould activity after 7, 14 and 21 days of agg the diet. Further experimentation is
needed to specify their health- promoting effectgabbits in more details.
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