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ABSTRACT

The purpose of the present study was to determine if individual organic acids
(Lactic(L), Acetic{A) and Citric (C) or mixture organic acids {LA, LC, AC and LAC)
supplementation to drinking watsr would have a beneficial effect on physiological and
productive performance of weaning rabbits. Seventy two weaned New-Zealand White
rabbits (NZW) at 6 week of age weighing an average of 660 g were divided into eight
groups ( 9 rabbits each), Rabbits of group (G1) received plain water. Rabbits of group
2,3,4 received water supplemented with 0.5 ml/ Litter (L), {A) or (C). Whereas, Rabbits
of group 5,6,7 and 8 received water supplemented with 0.5 mi/Litter a total of a
combination of{L+A), {L+C), (A+C) and (L+A+C). The rabbit houses were made of
available local materials (mud, wood etc...,). Rabbits were fed ad libitum on pelieted
ration contain 17.0% Crude protein ,2530 kcal’kg Metabolizable energy {ME), 12.4%
Crude fiber. The study was continued during fattening period, from 6-12 weeks of age,
from April to June 2004. '

The results showed that lactic, acetic or. citric acids separately had no
significant effect on hematocrit values and hemoglobin concentrations. However, red
blood cells counts and white blood cells counts increased significantly compared to
the contro! groups. significant reduction was observed in blood pH, cecum pH and
E.Coli count compared to the controls. The total anaerobic bacteria decreased
significantly in G4 but no significant decrease was observed in G2 and G3. Marketing
body weight and body weight gain increased significantly compared to the controis.
However, feed conversion improved in the G2 and G4 only. Feed intake dacreased in
G2 only.

Resuits indicated that groups received mixtures of organic acids (L+A),
{L+C), (A+C) and (L+A+C) had slightly increased hematocrit in G5, G7 and G8
compared to the control. Hemoglobin, red blood cells counts and white blood cells
counts were increased significantly in all combination groups. Significant reductions
were observed in blood pH, cecum pH, total anaerobic bacteria and E. coli counts in
all combination groups. Groups received combinations of organic acids in drinking
water had significantly increased marketing body weight and body weight gain, except
G86, compared to the controls. Feed conversion increased in G5 and G6 compared to
the control. Feed intake increased in all combination treated groups.

It was concluded that the significant use of citric acid significant or the use
combination of organic acids (L+A), (A+C) and (L+A+C} in drinking water of weanling
rabbits had beneficial effects throughout the growing pericd and improved
hematological parameters, cecum microflora and productive traits.
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INTRODUCTION

The gastrointestinal tract (GIT) is a very complicated organ and is the
obliged passage of the nutrients that support basal metabolism, growth and
maintananng, supplying the resurces to support the immune, skeletal and
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nervous systems (Ferket, 2000). The pathogenic intestinal bacteria can
cause diarrhea, infection, liver malfunction, and a reduction in digestion and
absorption of nutrients. The beneficial bzcteria can inhibit the growth of
pathogenic bacteria by diverse mechanisms, stimulate the immune system,
synthesize vitamins,... etc.(Macani, 2001).

Growing rabbits are sensitive to enteric diseases and especially when
they are exposed to negative impacts, 8.g. weaning or heat stress, causing
high economic losses. This problem can be avoided by using antibiotics.
tlowever, the antibiotics as growth promoter have been under sciutiny for
many years and have been removed from the market in several countries.
Their usefulness has seldom been contested, it is their relatedness with
similar antibiotics used in human medicine and the possibility that their use
may contribute to the pool of antibiotic resistant bacteria that causes
concerns. (Mroz, et al, 2001 and Fortun and Boullier, 2004). A very important
objective of dietary acidification is the inhibition of intestinal bacteria
competing with the host for available nutrients, and a reduction of possibly
toxic bacterial metabolites, such as ammonia and amines, that leads to weight
gain improving of the host animals. Thomlinson and Lawrence (1981)
observed a lowsr gastric pH when 1% lactic acid was added to drinking water
offered to gastric cannulated piglets. Furthermore, lactic acid delayed the
multiplication of an enterotoxigenic E. coli and reduced the mortality rate of
the animals. The supplementation of milk with 1% lactic acid resulted in lower
counts of coliform bacteria and lactobacilli in the stomach and duodenum of 2
weeks-old weaned pigs as compared to normal milk. Further investigators
studied the influence of supplementing acidifiers on blood constituents in
weanling rabbits.

The present study aimed to investigate the effect of lactic, acetic and
citric acids supplementation in drinking water (separately or in a mixture) on
some productive traits, blood constituents, pathogenic microorganisms and
immune system in rabbits from weaning up to marketing age.

MATERIALS AND METHODS

This study was carried out at a private rabbitry in north east Dakahlia
Governorate from April to June 2004. Seventy two weaned New Zealand
White rabbits (NZW) at 6 weeks of age weighting about 660g on the average

were used in this study. Rabbits were kept in groups (2 rabbits). They were
randomly divided into eight groups, nine animals in each. The 1*' group
received plain water and severed as control group, while the other seven
groups received water supplemented with different acidifiers (Table 1).

About 3 ml blood, were collected from the experimental animais (5
rabbits/group) at 14 weeks of age from the marginal ear vein in heparinized
test tubes. Blood sampies were taken to determine hematocrit values (Ht %),
hemoglobin concentration (Hb g/dl), red blood celis (RBCs), white blood cells
(WBCs) and blood pH using pH paper in fresh blood as described by
(Feldman et al..,2000).

Samples of cecum content were taken individually from five animals
in each group after slaughter at the end of the experiment. Cecum fluid
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content was obtained, after slaughter, to count total anaerobic bacteria and
E.Coli in their selective media as described by Collins et al.(1995). In
addition, cecum pH was measured by using pH meter in filtrate cecum
content. Statistical analysis was conducted using one way analysis of
variance (SAS, 1999). Duncuan test {Duncan, 1955) was used to detect
significant difterences among means of the experimental groups.

Table (1): supplemented organic acids as treated groups

Group Acids Supplementation rate |

1 control Plain water

2 Lactic 0.5 mifliter

3 Acetic 0.5mliter

4 Citric 0.5mlliter

5 Lactic + Acetic 0.25 mi of each fliter

6 Lactic + Citric 0.25 ml of each fliter

7 Acetic + Citric 0.25 ml of each Jliter

8 Lactic +Acsetic + Citric | 0.17 ml of gach fiter

Rabbits were fed ad libitum on pefieted diet contained 17.0% crude protein, 2530 kcal
ME/kg and 12.4% crude fiber. Fresh water was available at all times and supplemented
dally with the difierent acids.

RESULTS AND DISCUSSION

1-Hematologlcal responses:-

Hematological data for growing NZW rabbits as affected by organic
acids administration from 6-14 weeks of age are illustrated in Table 2. The
results showed that there were no changes in hematocrit values and
hemoglobin concentrations in groups received the separate organic acids
{lactic, acetic or citric) compared to the control. However, Red blood cells
count increased signiticantly in the groups that received the separate organic
acids compared fo the controls. Groups received mixtures of organic acids
(LA, LC, AC and LAC), in drinking water, had significantly increased (P<0.05)
on hematocrit (Ht), hemoglobin cencentration (Hb} and red blood cells count
{RBCs) in most all combination groups compared to the controls. These
increase in hematocrit, hemoglobin and red blood cells count values may be
due lo increasing the activilty of metabolic cycle (citric acid cycle for example)
and the improved growth performance as a result of lactic, acetic and citric
acids supplementation in a mixture form (El-Kholy, 2003). These resuits are
in full agreement with  El-Kholy (2003) who found that hematocrit,
hemoglobin and red blood ¢ells increased by using synertox {a commerciat
product contain lactic, acetic and citric acids}, Moreover, Ismail. et al,2062
found that hematocrit, hemogtobin and red blood cells increased by using
acitrol (a commercial product contain lactic, acetic and citric acids). Howevaer,
The blood pH decreased significantly in the trealed groups compared to the
control group. The significant reduction in blood pH due to the organic acids
treatmenls are in agreement with |smail. et af.,, 2002. They found that blood
pH decreased in NZW rabbits when they received acitrol.
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Table (2): Least square means of hematocrit value (Ht,%) , hemoglobin
concentration{Hb, g/dl) , blood PH, total red blood cells (RBCs,
10%mm? and total white blood cells (10¥mm3and their
standard errors (S.E.) of NZW rabbits as affecled by some
organic acids treatments from weaning to marketing.

Group | Treatments Ht Hb |Blood PH| RBCs | WBCs
G1 Control 30.8° | 10.8° | 756° 457° | 5.08°
G2 Lactic(L) | 32.0® | 11.0° | 7.38" 488" | 6.26%°
G3 Acetic(A) | 32.0% | 11.0° | 7.26° 477 | 5.78°

G4 Citric(C) 320% | 11.8% | 7.268° 4.76° 6.72°
G5 L+A 342% | 12.9%° | 7.34° 490 | 6.26™
G6 L+C 330" | 12.4%* | 7.32° 4.80° | 596%
G7 A+C 3547 | 13.3° | 7.2¢6° 491* | s.40®
G8 L+A+C | 354° | 13.7° | 7.34° 4.94° | 6.10"

S.E. | 08 0.41 0.048 0.048 0.87

Qverall meansﬂ 33.120.4112.1£0.2|7.3420.02|4.82+0.03|6.1+0.46

*Means, within trait, between treatments, with different superscripts, differ significantly
(P<0.05) from each other.

**The doses used were a total of 0.5 mifiter drinking water of each acid or equal parts of
each organic acld.

2-lmmune response:

Data of total white blood cells (WBCs)} and differential counts for
growing NZW rabbits as affected by organic acids supplementatior: from 6-14
weeks of age are shown in Tables 2&3. Results indicated that the
supplementation of the organic acids, in drinking water, lead to significantly
increased white blood cells count (WBCs) in all of the treatmenis when
compared to the controls,

Table(3): Least squares means of differential counts of white biood
cells and their standard errors (S.E.) of NZW rabbits as
affected by some organic acids treatments from weaning to

marketing (6-14 weeks of age).
Differential count of White blood cells !

—

Graup [Treatments Lymphocytes [Neutrophils r':{:; Monocytes’BasophirsfEosinophilse
1 Control 57.0° 36.4° [064°| 3.4% 16° a4 |
2 Lactic{L) 55.4° 36.4° (0.66° 4.0° 1.42 1.4°
G3 Acetic(A) 56.8° 37.4* |0.66°) 3.2 1.6° 1.0°
4 Citric(C) 56.6° 356° (063 36° 1.4° 1.4°
5 L+A 65.0° 29.4° |0.45°| 2.6% 1.6° 1.2°
& L+C 62.8° 31.0° |0.50°| 2.6% 1.4° 1.8°
7 A+C 64.2° 30.0° [0.47° 2.4° 1.6 1.8%°
8 L+A+C 63.8° 232" l046°| 28% 2.0° 2.4°
S.E. 0.74 087 |co2! 025 0.36 027
Overall 60.20 3318 [056| 3.05 1.58 1.55
means +0.66 060 |+0.02] 2012 | =012 +0.12

* Means, within trait, between treztments, with ditferent superscripis, differ significantly
{P<0.05) trom each other.

“‘The doses used were a total of 0.5 mifliter drinking water of each acid or equal parts of
each organic acid.
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Lymphocyle percentage increased significantly in all the combination treated
groups, compared to the control and group received separate organic acids.
Neutrophils percentage and Neutrophils/ lymphocytes ratio (N/L) decreased
significantly in all the combination treated groups(G5, G€,G7 and G8)
compared to the control and groups received separate organic acids.
Monocytes percentage also decreased significantly in all the combination
treated groups compared to the control. There were no significant differences
in basophils percentage due to the trealment. Eosinophils increased
significantly in the combination ot three acids group compared to the control
group. It was clearly noted that, adding any organic acids, or their
combination to the drinking water, of growing rabbits, lead to improving the
immune respcnse (increase WBCs, lymphocyles). These results are in
agreement with El-Kholy (2003) who found that WBCs increased by using
synertox . Alsc Ismail. et al,, 2002 reported that WBCs increase by using
acitrol. The decreased of N/L ratio may be an indictor to a reduction of stress
by adding different combinations of organic acids.

3-Microbial content of rabbits cecum:

3-1. Total anaerobic bacteria count and E.Coli :

Total count of anaerobic bacteria and E.Coli in the cecum are
presented in Table 4. There was a significant (P<0.05) decrease in the
number of totai anaerobic bacteria in G4, G5, G6, G7 and G8 compared to
the control. These decreases may be due to the increase in acidity of the
hindgut contents as a result of the organic acids supplementation. The lowest
value were obtained in the combination of three acids followed by the
combination of two acids. E. Coli decreased significantly in all treated group
compared to th- ~ontrol. The lowest number were also obtained in the 3-way
combination followed by the 2-way combinations. These results are in
agreement with Fuller (1989). He concluded that, lactic acids bacteria
increased organic acids such as acetic and lactic which caused an inhibitory
effect on the growth of other bacteria, especially pathogenic gram-negative
bacteria.

Table{4): Least square means of cecum pH, total number of anaerobic
bacteria (total count x10°%) and Escherichia coli (E.coli x 10%) and
their standard errors (5.E) of NZW rabbit as affected by some
organic acids treatments from weaning to marketing.

Group Treatment Cecum pH Total anaerchic bacteria E.coli
Contral 6.4° 6.5° 739.6°
G1 Lactic(L) 6.1° 6.3% 667.8°
G2 Acetic(A) 6.1° 6.5° 694.9°
G3 Citric(C) 5.8° 6.0% 622.7°
G4 L+A 5.9° 5.7° 606.2°
GS L+C 5.8« 5.8° 609.2°
G6 A+C 5.9° 5.2° 556.4°
a7 LiALs 5.9° 4.9 551.0°
G8 S.E. 0.05 0.1 8.9
Overall means 6.0£0.04 5.9=0.1 831103

*Means, within trait, between treatments, with ditferent superscripts, differ significantly
{P<0.05) from each other.

“*The doses used were a total of 0.5 ml/liter drinking water of each acid or equal parts of
each organic acid.

687



Mohamed, Noha M. A. et &l.

[
A

Also, Kershaw et al.., (1996) reported that the addition of 1% lactic acid to the
drinking water of pigs reduce the E.coli in the ducdenum and jejunum.
3-2.Cecum pH:

Data in Table {4) showed that cecum pH decreased significantly in all
treatments compared to the control group. The lowest value in this study
were obtained in G4 and G5. This may have lead 1o reducing pathogenic
bacteria, and simultaneously increasing the beneficial bacteria. These results
are in agreement with El-Allawy (2001). She indicated that, acidifiers {organic
acids: citric, furnaric, acetic and propionic acids and a commercial product:
Acid-pak 4-way) supplemented the limited acids production in the stomach of
young animals. This lead to lowering the gastric pH to an adequate level.

4-Productive trait:

Initial body weight {IBW), marketing body weight (MBW), body weight
gain, Feed conversion and Feed intake from weaning ( 6 weeks oid) until 14
weeks of age for growing NZW rabbits as affected by lactic, acetic and citric
acids supplementations separately or in mixtures are presented in Table 5.
There were no significant differences in the Initial Body weight of all group. By
the end of the experiment the marketing body weight and body weight gain of
most treated groups were significantly {P<0.05) heavier than the control
(except GB). These results are in agreerment with those of (El-kerdawy et al.,
(1996); Abdel- Azeem et al, (2000); El-Allawy, (2001). Feed intakes were
higher in all treated groups compared to the control (except G2). Feed
conversion were better in G2 and G4 compared to the controls, In the
combination treated greups (G5 and G6) feed conversion was worse than the
controls. The best feed conversion was that of the Jactic acid treated group.
These results are agreement with those of EL-Kerdawy, (15996);Abdel-Azeem
et al, (2000). Mortality rate was 2.77 % for the control group and 0 % for all
the supplemented groups.

Table(5): Least square means of initial body weight (IBW, g), marketing
body weight (MBW, g) and body weight gain (BWG, g) =
standard error of NZW rabbits as affected by some organic
acids treatments from weaning to marketing and feed intake
(FI, Kg/rabbit} and Feed conversion (FC, Kg feed/ Kg weight

Group| Treatment* IBW:E MBW:S.E | BWG:S.E FI T FC
G1 Control 660° +3.8 1671°= 19 1009° 221 46 | 4.70
G2 Lactic(L) 658°=3.8 1854%+ 17 1196°+18 | 4.4 | 460
G3 Acetic(A) 658°23.8 1838°¢ 17 1179%218 | 53 | 4.95
G4 Citric(Ci) 660"23.8 1878°+ 17 1218%=18 49 | 400
G5 L+A 653°23.8 1787°£ 17 1133°218 | 57 | 4.97
G6 L+Ci 663"+3.8 1702 17 1035°218 54 | 5.20
G7 A+Ci 661°£3.8 1859°+ 17 119818 5.4 | 450
G L+A+Ci 653°=3.8 1844%+ 17 1101°«18 | £4 | 450 |

Overall means|  £5921.32 180810 [1149.21£10.34] 51 [ 4.7 |
gain).

*Means within age, between treatments, with diflerent lower case superscripts ditfer
slgnificantly (P<0.C5) from each other.
**The doses used were 0.5 mlliter drinking water of each acid or combination.
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It may be concluded that, organic acids supplementations (especially citric
acid) improved body weight and weight gain more efficiently than the other
treatment groups. Organic acids supplementation decreased mortality in all
treated groups during the post-weaning period. It may be lead to improved
survival rate, in growing rabbits, with organic acids supplementation. These
result are agreement with those of Abdel-Azeem, et al., (2000); El-Ailawy,
(2001); tsmail et al., (2002). Improvement of feed conversion, as a resuit of
the addition of lactic and citric acids in drinking water, could be attributed to
the reduction in feed intake with significant increases in live body weights and
body weight gains.

CONCLUSION

It could be concluded from the present study, that the weaning
rabbits could benefit by using lactic, acetic and citric acids separately or
mixtures in drinking water. There organic acids act as growth promoting
factor, by improving the immune system. They reduce pathogenic
microorganisms simultaneously increase the beneficial bacteria, which reflect
on improving the digestive system and lead to more gain.
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