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The purpose of the present study was to determine if individual
citric, lactic acids, propylene glycol or mixture of them supplementing
to drinking water would have a beneficial effect on performance of
growing rabbits or not. Seventy five weaned New Zealand White (NZW)
rabbits, 5 weeks of age with an average ( 651+ 22 g ) were divided into
five groups (15 rabbits in each). Rabbits of group (1) received plain
water, rabbits of groups 2,3,4 received water supplemented with 0.5 ml/
Litter citric, lactic or Propylene glycol. Fifth group received a
combination of Citric+ Llactic+ Propylene glycol with 0.25 ml/Litter of
each. Rabbits were fed ad libitum on a commercial diet containing 17%
CP and 2700 Kcal DE. The study was continued during fattening
period, from 6-12 weeks of age.

The results showed that, citric, lactic acids or propylene glycol
separately or combined decreased significantly total anaerobic
bacterial, E.coli count, cecum pH and ammonia concentration in cecum
contents. Treatments increased significantly lactobacilli counts and
total volatile fatty acids in the cecum contents. Mixture of organic
acids and propylene glycol increased significantly the hematocrit
values, white blood cells counts, plasma globulin and lymphocyte
percentage while decrease blood pH. Values of total protein , albumin
and each of plasma AST and ALT increased but within the normal
range. Significant improvement were observed in body weight gain,
feed conversions and viability percentage during fattening period

Conclusively, it can be concluded that supplementation of citric,
lactic acids or propylene showed a great role in enhancing the immune
system, improved growth performance, blood metabolites that due to
improving cecum media as a results of increase total VFAs production
and decrease each of total anaerobic bacterial and cecum pH which
finally minimize pathogenic bacteria and digestive disorders.
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Rabbit stomach normally has a very low (acidic) pH (1 to 2) that
effectively Kkills pathogenic microorganisms. Weanling rabbits have a
stomach pH of 5 to 6.5 and weanling diarrhea develops because this
stomach pH is not acidic enough to destroy opportunistic pathogens
(Fekete,1989). Weanlings, however, must go through this period of a higher
stomach pH to allow the growth of symbiotic microbial populations in the
gut. Young rabbits, before eight weeks of age, have a sterile hindgut
because of the antibacterial action of rabbit milk. They also have a high
stomach pH (alkaline or 5+) that does not neutralize ingested bacteria so
bacteria are allowed to colonize the cecum. Young rabbit should have
sufficient intestinal and cecal bacteria for digestion about two weeks after
weaning (McWilliams, 2001).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 (Noha et al,2006).

Propylene glycol is a precursor for glucose synthesis and reduced
ketone concentrations in blood also used to promote growth or production.
Trace elements occur naturally in most ingredients. The amount and bio-
availability varies considerably according to their existence as parts of
complex molecules which are not fully broken down during digestion; and
the degree to which minerals are absorbed from the small intestine and
hence available at the cell level (Smits and Henman, 2000). Through
digestion the minerals ions are released and can re-combine with other
digesta components in the intestine to form insoluble compounds, thereby
reducing their absorption across the small intestine. Throughout complexion
the element with an organic molecule of amino acids or peptides, the
bioplex mineral, or protein are prevented from breaking down into reactive
ions during digestion.

Propylene glycol is a widely used compound with diverse
applications and in many commercial animals (Luzi et al,2000).It is a
polyhydric alcohol (C3H802) which is a colorless, odorless liquid with
mildly acrid and sweetish taste. It is freely soluble in water and ethanol. It
has been extensively employed in the pharmaceutical industry as a solvent
for drugs, as stabilizer for vitamins and in pastes for medicinal purposes
(Seidenfeld and Hanzlik, 1932). Propylene glycol and organic acids are
main components in several commercial products that used as acidifiers
such as Acitrol and Cynertox.
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Therefore, the objective of the present work was to study the effect
of a special supplementation of organic acids and propylene on growth
performance and immune parameters of growing rabbits.

MATERIALS AND METHODS

This study was carried out at a private rabbitry in east Dakahlia
Governorate . The fieldwork was continued from April to June 2014.A total
of healthy seventy five New Zealand White rabbits about 5 weeks of age
was assigned to five experimental groups (15 per group) and averaged initial
live body weight ( 651+ 22 g). All rabbits were randomly placed in
individual wire cages. Rabbits were fed a commercial diet containing 17%
CP and 2700 Kcal DE (Table 1). Water was supplemented with different
acidifiers. The 1% group received plain water and severed as control, while
the other four groups received water with different supplementations
according to commercial products (Table 2). All rabbits were kept under the
same managerial hygienic and environmental conditions throughout the
experimental period.

Feed and water were provided ad libitum. Body weight, feed
consumption, body weight gain and feed conversion were recorded. At the
end of the experiment, blood samples (3 ml) were collected from the
marginal ear vein in heparinized test tubes to determine some physiological
parameters. Hematocrit values (Ht%), hemoglobin concentration (Hb, g/dl)
and white blood cells counts (WBCs, 10°/ml) were determined in fresh
blood samples. White blood cells differential were performed according to
Hawkey and Dennett (1989). Blood plasma was separated by centrifugation
and kept at -20°C for assessments of triiodothyronine (T3) using commercial
Kits and radioimmunoassay technique, levels of hormone were determined
according to procedure outlined by manufacturer of commercial kits. Total
protein was determined according to (Merck, 1974), albumin to (Dumas et
al., 1971). Plasma minerals were also determined. Cecum content samples
were taken from three animals in each group after slaughter at the end of the
experiment. Cecum fluid 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. Cecal ammonia nitrogen concentration was
determined by Conway and Kjelleberg (1989). Total volatile fatty acids
were determined by Eadie et al. (1967).
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Tablel: The ingredients and chemical composition of the basal diet.

Ingredients %
Wheat bran 24.0
Egyptian clover hay 36.0
Barley grains 20.0
Soybean meal (44%) 15.0
Molasses 2.85
Limestone 1.4
NaCl 0.25
Premix* 0.25
DL- Methionine 0.25

Total 100

Calculated analysis**

Digestible energy (DE),kcal/kg 2530
Crude protein (CP), % 17.0
Crude fiber (CF), % 12.4
EE 2.3

Methionine 0.90
L-Lysine, % 0.84

*Premix each

kilogram contains:

Vit. A, 6000 1U; Vit. D, 900 IU; Vit. E, 40 mg; Vit. K3, 2 mg; Vit. B1, 2 mg; Vit. B2, 4 mg;

Vit. B6, 2 mg; Vit. B12, 10 ucg; Nicotinic acid, 50 mg; Biotin,

50 ucg; Folic acid, 10 mg;

Choline chloride, 250 mg; Zinc, 50 mg; Manganese, 85 mg; lorn, 50 mg; Copper, 5 mg;
lodine, 0.2 mg; Selenium, 0.1 mg; Cobalt, 0.1 mg.

Table 2: Different supplementations as treated groups.

Groups | Supplementation Supplementation
rate (ml/Litre)

Gl Control Plain water

G2 Citric acid 0.5

G3 Lactic acid 0.5

G4 Propylene glycol 0.5

G5 Citric 0.25 + Lactic 0.25+ Propylene 0.25 0.75

Data were subjected to the analysis of variance using General Linear
Model (GLM) of SAS , (2004). One-way analysis of variance was carried
out according to Sendecor and Cochran (1982) using the following model:
Y ij =p +Ti +Eij.
Where Yij = individual observation, p = Overall mean, Ti = The effect of

treatments,

Eij = The experimental random error.
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The significant differences between the means were tested using
Duncan's Multiple Range test (Duncan, 1955).

RESULTS AND DISCUSSION

Microbial content of rabbits cecum:

Supplementation of organic acids and propylene on Microbial content
of rabbits cecum are shown in Table 3

Anaerobic bacterial count of cecum contents for all treated groups were
lower significantly ( P<0.05) than that of the control that ranged between 5.1
to 6.6x10°. Organic acids and propylene glycol tended to decrease total
anaerobic bacterial count in the cecum contents, which lead to decrease the
pH of the cecum content and then, it weakens the growth of most pathogenic
bacteria. These results are in agreement with Miller (1987) and Noha, et.al.,
(2013). Total anaerobic bacterial count decreased significantly (P<0.05) in all
treatment groups as compared to that of the control group, which may be due
to reduce of the cecum pH (Fuller, 1986) who concluded that, organic acids,
inhibiting the growth of pathogenic bacteria.

E.coli count ranged between 550 to 740.6 x 107 in cecum content. All
treated groups were lower significantly ( P<0.05 ) than that of the control
(Table 3). Similar results were obtained by El-Allawy (2001) and Noha et al.,
(2013). Organic acids and propylene glycol individually or in a combination,
may play a role as antimicrobial substrates. Pollman (1986) showed that
organic acids change enteric flora and reduce E-Coli content. It also, decrease
intestinal pH, produce antibiotic substances and reduce toxic amines and
ammonia levels in the gastrointestinal tract and blood.

The pH values of the cecum contents of all treated groups were lower
significantly (P<0.05) than the control and ranged between 5.8 to 6.5.
Similar results were obtained by EI-Allawy (2001) and Noha, et.al. (2013).
Organic acids and propylene glycol tended to decrease the pH of the cecum
contents, that weakness the growth of most pathogenic bacteria. These results
are in agreement with Abdel-Azeem, et.al., (2000) and Noha, et.al. (2013).
Lactobacilli counts in the cecum increased significantly (P<0.05) in treated
groups compared to control. Supplementation of mixture of citric, lactic
acids and propylene glycol tended to increase lactobacilli count due to
their action by enhance bactaria such as Lactobacillus spp. and
Bifidobacterium spp. (Asano et al.,, 1994). Propylene glycol can be
phosphorylated, converted to acetol phosphate, lactaldehyde phosphate,
lactyl phosphate, and lactic acid.
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Table 3. Least square means of total anaerobic bacteria (total count x10°),
Escherichia coli (E.coli x 10%) , Cecum pH, lactobacilli , ammonia
(mg/100ml) and total volatile fatty acids (ml eq /100ml) of
growing NZW rabbits as affected by different treatments

Treatment Total c Lacto [AMmonia | TVE’S ml
groups anaerobic | E.coli ec;ljm b:(fil(l)i mg eq
bacteria P /100ml /100ml

Control 6.6° 740.6° | 6.5 3.55° 8.4 3.27°
Citric acid (Ci) 6.0 694.8° | 6.1° 478 8.2° 3.36™
Lactic acid (La) 5.9°¢ 622.0° | 59° 475 7.9° 3.38™
Propylene glycol (Pg) 5.8° 609.4° | 5.9°¢ 4.82° 7.8° 3.37™
Ci +Pg+La 5.1 555.0" | 5.8° 5.12 7.0° 3.52
SEM 0.1 9.9 0.05 0.05 0.05 0.04

a,b,c,....Means within the same column with different superscripts are significantly
different.(P<0.5).

Metabolism of D and L forms of propylene glycol in this pathway is
species-specific. The rabbit converts the L-form of phosphorylated
propylene glycol to lactic acid, whereas the rat and mouse can convert both
forms Miller and Bazzano (1965).

Ammonia concentration in cecum of rabbits was significantly
(P<0.05) decreased in all treated group compared to control group.
Moreover, supplementation of citric, lactic acids and propylene glycol
tended to increase total volatile fatty acids in the caecum of rabbits
individual form or in mixture form. Poeikhampha et al. (2007) and
Poeikhampha and Bunchasak (2010) reported that increased the lactic acid
bacteria population leading to produce lactic acid and acetic acid. It is
believed that increasing acids utilizing bacteria increase total VFAS
production (Asano et al., 1994; Tsukahara et al., 2002). The lowest value
of cecum pH in this study lead to improve cecum media as results of
increase total VFA® production.

Propylene glycol, lactic and citric acids, where all these factors
well documented as a growth promoters through its effects on increasing
the activity of metabolic cycles (citric acid cycle for example), microbial
fermentation and reducing the cecal pH, subsequently reduction of the
pathogenic load encountered by the animal under farm conditions (Parks
et al., 2000) and prohibit the growth of certain intestinal microbes
(pathogenic) by increasing the acidity which due to the fermentation of
mono-saccharides that (produce volatile fatty acids “VFAs” ) and the
other acid (lactic...... etc.). Presences of these acids explain the lower pH
recorded in treated groups. Propylene glycol is oxidised by alcohol
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dehydrogenase to lactaldehyde, then to lactate by aldehyde dehydrogenase.
The lactate is further metabolised to pyruvate, carbon dioxide, and water,
(ATSDR, 1997). Lactate also contributes to glucose formation through
gluconeogenic pathways Christopher et al (1990). Lactate, via
phosphoenol pyruvate, can be detoxified into glucose and stored as
glycogen, as has been demonstrated by Wittman and Bawin. (1974) for
propylene glycol in rats.

Results showed that, total volatile fatty acids ranged between 3.27-
3.52 ml eq /100ml .Organic acids and propylene glycol tended to decrease
the TVE’S that may be due to that, rabbits naturally affected with diarrhoea
showed no notable change in their volatile fatty acid content but a rise of
caecal pH to 7.2. The pH-elevation caused a decrease in the proportion of
the non-dissociated volatile fatty acid molecules, and a consequent
disappearance of the inhibitor effect.

Blood parameters

Supplementation of organic acids and propylene on hematocrit value
(Ht,%), hemoglobin concentration (Hb, g/dl), blood PH, total white blood
cells (103/mm3) and differential counts of white blood cells of growing
rabbits are presented in Table 4.

Hematocrit value ranged between 28.5-33.8 %. These values were
within the normal range (29.4-41.5%) as reported by Ashour (2001) and EI-
Kholy (2003). Supplementation of organic acids mixture (citric, lactic acids
and propylene glycol) increased the hematocrit values significantly (P<0.05)
over the control group .These results may be due to a synergetic effect
between the organic acids and propylene glycol. The increase in hematocrit
values may be a result of the reduced stress on the animal through reducing
the pathogenic organisms and good utilization of feed .

Hemoglobin concentration (Hb, g/dl) of rabbits ranged between 10.4-
11.2 g/dl. Similar results were obtained by Arrington and Kelly (1976) and
Ashour (2001). Differences in hemoglobin concentration between
treatments were insignificant. Blood pH values ranged between 7.26-7.61
and decreased significantly (P<0.05) in all treatments compared to control
but within the normal rang. These results are in agreement with those of
Ismail et al., (2002). They reported that the range of blood pH was 7.3-7.6
in NZW rabbits. Supplementation with organic acids ( lactic, acetic and
citric ) individually or in a mixture decreased blood pH significantly
(P<0.05) over the control.
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Table 4: Least square means of hematocrit value (Ht,%), hemoglobin
concentration (Hb, g/dl), blood PH, total white blood cells
(103/mm3) and differential counts of white blood cells of growing
NZW rabbits as affected by different treatments.

White Blood Cells”

=
_ I £
Treatment | & S = . . © S| g
groups | £ | £ |8 g | X | X | | £ |3
[ @ £ 5 2 s =
2 > 20 & 8|8
g L
Control 285 | 105 | 7.61% | 264° | 54.6° | 389%| 23® | 22a [17®

Citric acid, Ci 303* | 105 | 7.30° | 265° | 54.2° | 400%| 21® | 18® [21®

Lactic acid, La 338% [ 110 | 7.27° | 269" | 53% | 407®| 23® | 19® |18®

Propylene glycol, Pgl 31.2% | 11.2 | 7.28° | 268" | 54.1° | 400%™ 27* | 22% [13°

Ci+Pg+La 311%™ [ 104 | 7.26° | 30.3 | 59.4% | 36.0™ | 20° | 21® [20®

SEM 131 | 0.2 | 0.005]| 11 0.1 1.7 0.2 0.1 0.2

a,b,c,....Means within the same column with different superscripts are significantly
different.(P<0.5).

White blood cells count of growing rabbits ranged between
26.4x10°/mm? for control group and 30.3x10%/mm?® for mixture of citric,
lactic acids and propylene glycol. Mixture supplementation increased white
blood cells counts significantly over the control and other treatments. This
trend could be through the stimulation of the immune responses
(Pollman,1986).Lymphocyte percentage increased significantly in the
combination treated group, compared to the control and group received
separate organic acids and propylene glycol. Neutrophils, monocytes,
basophils and eosinophils percentage showed variable trends in all
treatments but within normal range. It was clearly noted that, adding any
organic acids, propylene glycol or their combination to the drinking water,
of growing rabbits, lead to improving the immune response (increase
WBCs, lymphocytes). These results are in agreement with EI-Kholy (2003)
who found that WBCs increased by using synertox. Also Ismail et al.,
(2002) reported that WBCs increase by using acitrol.

Supplementation of organic acids and propylene on total protein (TP,
g/dl), albumin (Alb, g/dl) aspartate aminotransferase (AST, p/dl) and alanine
aminotransferase (ALT, p/dl) of growing rabbits are presented in Table 5.

Plasma total protein ranged between 5.3 to 6.9 g/dl. Results indicated
that adding mixture of citric, lactic acids and propylene glycol to drinking
water had the highest value of total protein than other groups that
may be due to an increase in the hepatic function. The organic acids may act
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Table 5: Least square means of total protein (TP, g/dl) , aloumin (Alb, g/dl)
aspartate aminotransferase (AST, w/dl) and alanine amino
transferase (ALT, p/dl of growing NZW rabbits as affected by
different treatments.

Sls 5 = =

Treatment €| E HEE 3 3 £

gruops Sla8l 28| 2|E H Eg| =

ES IS 05| < < < 2

a

Control 53° |35 |19° |17]229 |39 |165 | 7@
b b

Citric acid, Ci 53 |33 |24° |14 |3255° |2149° 151 |, e
b b

Lactic acid, La 60° |34 |26° |14|3220° |1987° 1162 | qga

b b
Propylene glycol, Pg 60° |33 [27° |[12|3184" |2099° 1152 |

b b

SEM 092 | 010 | 0.11 0.24 0.29 0.3

a,b,c, :Means within the same column with different superscripts are significantly
different.(P<0.5).

through affecting the metabolic rate beside its effect on the gastro-intestinal
beneficial microbial. Similar results were obtained by Noha et al., (2013).
There were insignificant effects (P<0.5) of treatments on plasma albumin
values. Plasma globulin levels ranged between 1.8 to 3.3 g/dl after.
Supplementation of citric ,lactic acids and propylene glycol individual or
mixture increased significantly (P<0.05) plasma globulin levels over the
control. Highest levels of plasma globulin was in the combination group.
Plasma Albumin/Globulin ratios ranged between 1.1to 1.7.

Plasma aspartate aminotransferase (AST, /dl) of NZW rabbits
ranged between 22.95 to 32.55. AST value decreased significantly in all
treated groups but was within the normal range and no symptoms of toxicity
were observed indicating a normal function of the liver. Plasma aspartate
aminotransferase increased receiving any combination of the organic acids
compared to that of the control group after one and two months from
starting the treatments. However, this increase was within the normal range.
These results are in agreement with those of Sedki et al., (2002) and Noha,
et al., (2013). Plasma alanine aminotransferase (ALT, p/dl) ranged between
13.9 to 21.5.ALT decreased significantly (P<0.05) in all treated groups.
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However, the decrease in ALT levels was within the normal range. These
results are in agreement with those of Sedki et al., (2002) and Noha, et
al.,(2013).

Succinic acid resulting from decarboxylation of ketoglutaric acid in
the citric acid cycle can be converted to the “active” form by linkage with
coenzyme A. This active succinate and glycine are together involved in the
first step of heme biosynthesis. This fact can explain and present another
interpretation for increasing the hemoglobin value and hematocreat %. In
spite of decrease in AST and ALT activities in treated groups ups compared
to control group, this decrease within normal range and with no symptoms
of toxicosis were observed. This decrease can be attributed to the inclusions
of additives to a lot of factors which can affect on liver activity

Growth performance traits

Supplementation of organic acids and propylene on initial body
weight, final body weight, body weight gain, feed conversion and viability
percentage of growing rabbits are presented in Table 6.

At 12 weeks of age, there were higher significant (P<0.05) in body
weight of most treated groups as compared to the control. Similar results
were obtained by Noha, et al.(2013), which may be due to positive
influences of supplementations on rabbits growth performance, which
improved digestibility as substrates in the intermediary metabolism of
minerals and vitamins.

Body weight gain of growing NZW rabbits was significantly (P<0.05)
high when compared to the control group. These results reflect the positive
increase in the digestibility also is the inhibition of intestinal bacteria
competing with the host for available nutrients. A reduction of possibly
toxic bacterial metabolites, such as ammonia and amines, leads to
improving weight gain of the host animal. This conclusion is in agreement
with Kirchgessner and Roth (1988).

Feed conversions of control rabbits, tended to be significantly
(P<0.05) worst value (4.17g) than treated groups receiving citric & lactic
acids and propylene glycol individually or as mixture. Improve feed
conversions may be due to an increase in the efficiency of nutrition
absorption and/or nutrients utilization.

Viability percentage ranged between 90 t0100%. Results indicated
that organic acids and propylene glycol supplementation increased viability
during the post-weaning period which may be due to decrease the
pathogenic microbial and so that improvement of digestibility and increase
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Table 6: Least square means of initial body weight, final body weight,
gain, feed conversion and viability percentage of growing NZW
rabbits as affected by different treatments, during weaning -

marketing.
Treatment Initial live | Final live | Weight gain FCR Viabili
groups weight (g) weight (9) (g feed ty, %
(9) :g gain)
Control 662 1801° 1139° 4.17° 92
Citric acid (Ci) 659 1901° 1246° 3.66° 98
Lactic acid (La) 654 1892° 1237° 3.56° 90
Propylene glycol (Pg) 657 19072 12542 3.72° 100
Cic +Pg+La 663 20172 1357° 3.60° 90
SEM 21 79 137 0.18 10.1

a,b,c:Means within the same column with different superscripts are significantly
different.(P<0.5).

Table (7): Least square means percentages for carcass traits of growing
NZW rabbits as affected by different treatments.

Treatment = g
roups € o o

g p gn E i Q o\: O\D Cg S (=]

8~ < © ° +— o CI>J‘ >

n D (= ke] - — [0 -

1~ =] e @ ] o = 5

?_’ T~ 1] [<5) [ > - o Y=

s |52 | O T T 3 & | & <
Control 1910 993 51.99 10.79 042 | 532 | 006 | 117 | 141 a
Citric acid, Ci 1933 | 1040 | 5380 | 1047 | 040 | 527 | 007 | 120 | 1,g%
Lactic acid, La 2043 | 1100 | 5385 | 1031 | 041 | 512 | 007 | 112 | 140®
Propylene glycol, Pg | 1977 | 1093 | 5529 | 9.69 041 | 517 | 008 | 115 | 107°¢
Ci +Pg+La 1990 | 1103 | 5543 | 10 042 | 491 | 007 | 121 | 109°

a,b,c,.. :Means within the same column with different superscripts are significantly
different.(P<0.5).

of body weight and body weight gain. These results are in agreement with
those of Noha, et al. (2013).

Improvement of the growth performance as a result of acitrol
supplementation of growing rabbits, can be attributed mainly to the increase
of animals resistance to pathogens and any physiological and/or
environmental stress.

Finally, organic minerals will play an important role in animal and
poultry nutrition, not only for meeting the true requirements of the animal
for optimal performance with lower inclusion rate, but also for providing
healthy meat for the consumer and harmless manure for the cropland,
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subsequently will have a pure and clean or at least not harmful crops
(vegetable, fruits) and free environments (land, water) of pollution.

Conclusively, it can be concluded that supplementation of citric, lactic
acids or propylene showed a great role in enhancing the immune system,
improved growth performance, blood metabolites that due to improving
cecum media as a results of increase total VFASs production and decrease each
of total anaerobic bacterial and cecum pH, which finally minimize pathogenic
bacteria and digestive disorders.
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