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Two experiments were designed on buck and doe rabbits. In the 1
st
 

experiment, a total of 25 NZW rabbits bucks (9 months of age with a mean 

live body weight of 3400±173 g) were allotted into 5 treatments to study the 

effect of citric, lactic acids and propylene glycol on nutrients digestibility 

coefficients, blood picture, sexual urge, physical semen and spermatozoa 

characteristics, feed intake and live body weight changes. In the 2
nd

 

experiment, a total of 40 nulliparous does (8 months of age with an average 

live body weight of 3100±188 g) were allotted into 5 treatments. Does were 

inseminated with semen from untreated bucks. Does performance 

including:- blood picture, litter size and weight at birth and at weaning, 

milk yield, feed intake and body gain were studied. 

First group in both experiments received plain water and severed as 

a control group, while water for the 2
nd

 ,3
rd

 ,4
th
 and 5

th
 groups for the two 

experiments supplemented with citric, lactic acids (Concentration of citric 

and  lactic acid 98%) or propylene glycol (2% propylene glycol, as an 

energy source) at 0.5 ml/liter drinking water and mixture of them with 0.75 

ml/liter  at 0.25 ml, each, respectively. 

Results of the first experiments indicates significant improvements in 

buck’s nutrients digestibility of DM, OM, CP and NFE with the mixture of 

citric, lactic acid and propylene glycol followed by citric acid group 

compared to other groups. There was no significant treatment effect on CF 

and EE digestibility coefficient. Hematocrit, red blood cells’ counts and 

white blood cells counts increased significantly in all treated groups 

compared to control while hemoglobin values, increased significantly in all 

treated group (except lactic acid group) than control. Total protein, 

globulin, triiodothyronine and testosterone, were significantly increased 
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due to supplemented of citric, lactic acids, propylene glycol individual or a 

mixture of them compared to the control group.  

Significantly improvements in each of sexual urge (libido) and all the 

semen and sperm characteristics in treated group compared to control 

group. In second experiments does performance with improved using 

individual citric, lactic acids or propylene glycol the mixture of them in 

drinking water compared to control. Hematocrit, red blood cells’ counts, 

white blood cells counts and triiodothyronine increased significantly in all 

treated groups compared to control. Hemoglobin values were significantly 

higher in all treated group (except lactic acid group) than control. Total 

protein, albumin, globulin and A/G ratio significantly affected by 

supplemented citric, lactic acids or propylene glycol and mixture of them 

was higher in group received propylene glycol or group received mixture of 

them. The changes in weight gain of does in the four groups across the 

experimental period were significant in citric acids or propylene glycol 

group. organic acids or propylene glycol supplemented groups achieved 

improvement in litter weight at birth. At weaning day, all treated groups 

had heavier kits' weight than those in control. Litter size increased 

significantly due to supplementing drinking water with citric, lactic acids or 

propylene glycol and mixture of them than that in control group during the 

all experimental days. Mortality rate reduced in tested groups compared to 

the control. Milk yield in 3
rd

 week of lactation was increased significantly in 

all treated group compared to control. 

In conclusion, this study demonstrated the effectiveness of citric acid, 

lactic acid and propylene glycol and its ability to improve reproductive 

performance as a result role for additives in improved blood metabolites 

and improving available energy, improving nutrition digestion as well as 

improving milk quality. 

Key words: Rabbits, reproductive performance, organic acids, propylene 

glycol. 

 

 

One of the main goals of small, medium and large farms is to improve the 

reproductive performance of rabbit does. A better nutritional status of both fetuses 

and suckling kits has a positive effect on their later productivity. Intensive 

reproductive rhythm creates a negative energy balance in does, they are unable to 
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consume enough feed (energy) for the nutritional requirements of fetus and 

lactation, and therefore lose most of their fat reserves. Furthermore, nulliparous 

does also expend energy because they are still growing (Szendro et al, 2012). 

Rabbits in modern farms are subject to intensive breeding rhythms. Females 

are high milk producers and energy expenditure due to significant conflict 

between lactation and gestation. This situation has lead to a negative energy 

balance especially with the mobilization of body fat in primiparous doe rabbits. 

Poor body condition and poor health seriously affects the reproductive 

characteristics i.e. fertility rate and lifespan of the doe, as well as, ovarian 

physiology (Lorenzo, 2014). 

There is a relationship between nutrition and productivity, which greatly 

affects the production and reproductive performance of rabbits. The effect on 

sperm production, sexual and sperm quality, is significantly altered with age, 

nutrition, environment, health, drugs and chemicals. There was a high correlation 

between age, body weight, and buck semen quality (Oloyede, 2018). Organic 

acids supplementation improves the utilization of dietary nutrients in the 

gastrointestinal tract of broilers. Moreover, organic acids can reduce the toxic 

metabolites, colonization of pathogens and endocrine changes in the animal’s 

body during heat stress observed in citric acid supplemented in broiler feed 

(Abdel-Fattah et al., 2008). The supplementation of organic acids improves the 

bioavailability of protein and uptake of minerals like magnesium, calcium, 

phosphorus and zinc (Hinton et al., 1988). Organic acids such as fumeric acid, 

citric acid, formic acid etc. have been used as growth promoters to enhance the 

digestibility of feed. Supplementation of organic acid can also improve milk 

quality. Feeding of orange extract reduced somatic cell count in high producing 

cows during moderately to hot summer season (Soderstrom, 2012). Oloyede, et 

al. (2018) found that inclusion of 3% citric acid in the diet of the rabbit bucks 

supported normal growth of the reproductive tract and semen quality of the rabbit 

bucks. 

The energy deficit caused by milk production is responsible for intense 

body mobilization and reduced reproductive performance. This situation is 

exacerbated in primiparous rabbit does since their feed intake capacity is not fully 

developed and their growth is not complete (Fortun-Lamothe et. al.,1999;  

Xiccato et al., 2004). Energy deficit is therefore closely linked to reduced lifespan 

of reproductive females because the main reasons for culling in rabbit breeding 

units is infertility or poor body conditions. Several strategies concerning rearing, 
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feeding, management of reproduction or litters and genetics, could permit a better 

management of the nutritional demands and contribute to an improvement of 

lifespan of the does (Fortun-Lamothe, 2006). 

Grummer, (2008) stated that the addition of propylene glycol (in cows) can 

be converted to propionic acid in intestines are transported to the liver where it is 

converted to glucose, although the glycoprotein pathway. Some researchers have 

shown that the addition of propylene glycol could increase milk production has 

been reported (Lucci et al., 1998) in addition, reproductive efficiency has 

improved in cow (Miyoshi et al., 2001). Propylene glycol may improve available 

energy, offering beneficial effects, especially environments of high temperature 

and humidity. 

Therefore, the objective of the present work aim to evaluate the effect of 

some water supplements as organic acids and propylene glycol on nutrient 

digestibility of bucks and the physiological, reproductive and productive 

performance on rabbits bucks and does. 

 
MATERIALS AND METHODS 

 

This study was carried out at a private rabbitry in Dakahlia governorate. 

Two experiments were conducted to evaluate the influence of supplementing 

individual citric, lactic acids, propylene glycol or mixture of them to drinking 

water on productive and reproductive performance of rabbits’ bucks and does. 
 

Experimental animals: 

Experiment 1: Twenty-five New Zealand White (NZW) rabbit’s bucks 9 months 

old with an average weight 3400±173 g were assigned to five experimental 

groups (5 bucks each). Bucks were randomly placed in individual wire cages. 

Experiment 2: Forty (NZW) rabbits does (8 months old with an average live body 

weight 3100±188 g) were allotted into 5 treatments (8 does each). 

Feeding and water treatments  

All rabbits were fed ad libitum on pelleted ration. Ingredients and 

chemical composition of the basal ration are summarized in Table 1. First group 

in both experiments received plain water and severed as control group, while 

water for the 2
nd

  ,3
rd

  ,4
th
  and 5

th
 groups for the two experiments supplemented 

with 0.5 ml/liter of citric  (T1), lactic acids (T2) citric and lactic concentration 

98% and propylene glycol (T3)  and 0.75 ml/liter mixture of them (T4). 
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Digestibility trails: 

Three bucks of each experimental group were chosen and put into the 

metabolic cage to determine the digestibility coefficients of nutrients. The 

chemical analyses of the basal diet and feces were carried out according to AOAC 

(1996). Rabbits are individually placed in metabolic cages with wire bottoms to 

collect feces.  Feces were collected, and the sample was dried at 60° C for 48 

hours, and stored for consequent proximate chemical analyses. 
 

Measurements and technical procedures: 

First experiments: 

Bucks libido (sexual desire) was estimated as described by Daader et al., 

(1999 a & b). Reaction time (recorded from the moment of mounting the doe by 

the buck and completes ejaculation by using stop watch). Semen collection was 

collected twice a week from each buck by artificial vagina. Semen physical 

characteristics (color, ejaculate volume, sperm concentration x10
6
/ml and total 

sperm number/ejaculate), were determined.  

The collected semen sample was analyzed for semen quality parameters such 

as semen volume, sperm concentration, live sperm percentage, sperm motility and 

abnormal sperm percentage as reported by Ahemen et al. (2013). Also, 

spermatozoa characteristics (mass and progressive motility were estimated. Dead 

and live spermatozoa percentage was determined according to Campbell (1956).  
 

Second experiments: 

Does were inseminated with semen from untreated bucks for one parity. 

Mating of does was executed twice by bucks of proven fertility. Pregnancy was 

diagnosed by abdominal palpation at 12 days after service. Does failed to 

conceive were immediately re-mated. Performance of does including, blood 

picture, litter size (LS) and weight (LW) were recorded at birth and at weaning (4 

weeks). Milk yield (MY) was estimated at the 3
rd

 and 4
th
 weeks of offspring age. 

Mortality rate for offspring was estimated from birth to weaning. 

At the end of the two experiments blood samples (3 ml) were withdrawn at 

morning from marginal ear vein for each treatment group from 3 bucks and 3 

does each group before access feed and water.  

Blood samples were centrifuged at 3000 r.p.m for 15 min to obtain a clear 

serum samples and stored at -20 ºC until analysis the following parameters: 
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plasma total protein (TP, g/dl), albumin (Alb, g/dl) were executed by using kits of 

Stanbio Laboratory Inc, procedure No. 0280. (San Antonio, Texas, USA).  

Table 1: Ingredients and proximate chemical composition of the basel diet.  

Items % 

Ingredients  
Wheat bran 15.0 

Clover meal (12%) 23.0 

Barely  22.0 

Ground bean straw 1.25 

Yellow corn 15.0 

Soybean meal (44%) 20.0 

Molasses 1.45 

Di Calcium Phosphate 0.40 

Limestone  1.0 

Sodium chloride 0.5 

Vitamins &minerals premix* 0.3 

DL- Methionine 0.10 

Total 100 

Calculated analysis*  

Digestible energy (DE),kcal/kg 2622 

Crude protein (CP), %  18.01 

Crude fiber (CF), % 12.25 

Calcium (Ca), % 0.91 

Total Phosphorus (P), % 0.517 

L-Lysine, % 0.951 
*Vitamins and minerals premix supplied per kilogram diet contains: Vit. A, 6000 IU; 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 cg; Nicotinic acid, 50 mg; Biotin, 50 cg; Folic acid, 10 mg; Choline, 250 mg; Zinc, 50 

mg; Manganese, 8.5 mg; Iron, 50 mg; Copper, 5 mg; Iodine, 0.2 mg; Selenium, 0.1 mg; and 

Cobalt, 0.1 mg. 

*These values were calculated according NRC (1977) 

 

Globulin concentration (Glb, g/dl) was calculated by subtracting Alb values 

from TP values. Activities of aspartate aminotransferase (AST) and alanine 

aminotransferase (ALT), were determined calorimetriclly using kits supplied by 

Sentinel Ch. SpA- Via Robert Koch, 2-20125 Milan- Italy. Blood plasma 

triiodothyronine (T3, ng/ml) was determined by radioimmunoassay technique 

with commercial kits produced by the Diagnostic Products Corporation (DPC), 

Co. Los Angeles, USA. Testosterone concentrations in plasma were measured 
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by a simple solid phase enzyme immunoassay utilizing horseradish peroxidase 

as a tracer (Equipar, Via G. Ferrari, Saronno, Italy).  

Statistical analysis: 

Data were subjected to the analysis of variance using General Linear 

Model (GLM) of SAS (2006). One-way analysis of variance was carried out 

using the following model:   

Υij =µ +Ti +eij. 

Where Υij = Any individual observation, µ = Overall mean, Ti = The 

effect of treatments (i= 1….,4), eij = The experimental random error. Differences 

between treatment means were separated by using Duncan’s multiple rang test 

(Duncan, 1955). 
 

RESULTS AND DISCUSSION 
 

Bucks performance 

Digestibility trait: 

The effects of treatment groups on nutrient digestibility coefficients in 

bucks are presented in Table 2. The digestibility coefficients of DM, OM, CP 

and NFE were significantly increased with supplementing the mixture of citric 

, lactic acid and propylene glycol, followed by citric acid group compared with 

the other groups. There was no significant effect on CF and EE digestibility 

coefficients. Digestibility of crude protein was significantly improved by 6.8, 

3.8, ,2.8 and 7.5% in supplemented citric acid, lactic acid, propylene glycol 

and the mixture of them, respectively over the control. Being an organic acid, 

citric acid may weaken the structure of crude fiber thus making crude protein 

and phytate associated with them more susceptible for enzymatic digestion 

and facilitate the nutrient digestibility. These results are in agreement with 

Uddin et al., (2014) who found that adding citric acid (0.5 % in rabbit feed) 

improved nutrient digestibility. Also, Debi et al., (2010) and Romero et al., 

(2011) found that nutrient digestibility improved with supplemented rabbit 

feed with citric acid. On the other side, Kishawy et al., (2018) found that there 

was no positive effect on nutrient digestibility due to citric acid addition to 

rabbit diets.  

Citric group or mixture between citric, lactic acid and propylene glycol 

group could influence caecal utilization of crude protein (CP) and dietary urea 

by influencing caecal fermentation. This effect is probably mediated by 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5966368/#CR9
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5966368/#CR26
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kishawy%20AT%5BAuthor%5D&cauthor=true&cauthor_uid=29796879
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ammonia binding (Chrenková, 2012) thus may participate to improve nutrients 

digestibility coefficients.  
 

Table 2: LSM* of nutrients digestibility coefficients of NZW rabbits bucks as 

affected by studied water supplements. 

Parameters 
Treatment groups 

S. E 
Control T1 T2 T3 T4 

DM 65.5
ab

 66.2
a
 64.8

b
 64.6

b
 66

a
 0.31 

OM 73.9
b
 76.6

ab
 75.6

ab
 73.8

b
 75.5

a
 2.1 

CP 70.6
b
 75.4

a
 73.3

ab
 72.6

ab
 75.9

a
 3.2 

CF 50.4 51.4 51.9 51.6 52.3 3.5 

EE  60 60.1 61 60.5 61.4 2.5 

NFE 77.3
b
 80.5

a
 79.1

ab
 80.4

a
 81.0

a
 1.1 

a,b,c: Means within the same row  with different superscripts are significantly differ.(P≤0.05).   

T1=Citric (Ci) T2= Lactic acid (La) T3= Propylene glycol (Pg) T4= Ci + La + Pg 

*LSM: Least square means, SE: Standard error 

 

Blood biochemical constituents:  

Effects of adding organic acids citric, lactic, or propylene glycol and their 

combination on hematocrit value (Ht, %) , hemoglobin concentration (Hb, g/dl) , 

total red blood cells (RBCs, 10
6
/mm

3
) and total white blood cells (10

3
/mm

3
) and 

differential white blood cells of bucks rabbits are illustrated in 

Tables 3. Hematocrit value of bucks ranged between 30.93-35.41%. These 

hematocrit values were within the normal range (29.4 - 41.5%) as reported El-

Kholy (2003). All treated group increase significantly compared to control the 

increase in hematocrit values may be a result of the reduced stress on the animal 

through good utilization of feed (Noha, et.al, 2006).  

Hemoglobin concentration (Hb, g/dl) of rabbits ranged between (12.49-

10.73g/dl) which agree with that reported by Ashour (2001). The results indicate 

that the hemoglobin concentration increased significantly (P≤0.05) by the 

supplementation of citric acids, propylene glycol and their combination over the 

control group. Red blood cells count (RBCs x10
6
/mm

3
) of rabbits ranged between 

4.1X10
6
/mm

3 
for control group and 4.51x10

6
/mm

3 
for propylene glycol group. 

Red blood cells count increased significantly (P≤0.05) in most treated group 
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compared to control. Total white blood cells (WBCs) count of rabbits ranged 

between 26.28x10
3
/mm

3
 for control group and 31.60x10

3
/mm

3
 in mixture group. 

The Ht%, Hb, RBCs and WBCs increased in supplemented groups as reported 

here, where all these parameters improved significantly compared to control and 

almost with no significant differences between the supplemented groups. These 

improvements can be due partially to the increase of animal resistance to any 

physiological or environmental stress that may be due to improved utilization of 

feed, which has been reflected in improved performance. 

Total protein, albumin and globulin were increased in supplemented groups 

compared to the control. Liver aminotransaminase enzymes (AST) and (ALT) 

activities were not significantly affected by treatments. Ashour et al (2017) 

showed that supplementing Synertox (mainly citric and lactic acid) in drinking 

water hold no negative effects on liver and kidney functions.  

Supplementing individual citric, lactic acids, propylene glycol or mixture 

of them to drinking water increased blood plasma level of triiodothyronine (T3). 

The latter is the active form of thyroxin hormone. Increasing thyroid activity 

asserted the biological role of organic acids and propylene glycol supplementation 

in activities metabolic functions and biosynthesis of hormones (Table 3). By the 

way, the improvement in the performance due to enhancement in thyroid activity 

may be related to, and explain the increase in leukocytes populations mainly 

lymphocytes as affected, especially by thyroid hormone (Bachman and Mashaly, 

1986). Results presented in Table 3 show the changes in plasma testosterone 

concentration (ng/ml) as affected by supplementing individual citric, lactic acids, 

propylene glycol or mixture of them to drinking water. Testosterone level was 

significantly (P<0.05) higher in citric acid group, lactic acid group and mixture 

group of (citric, lactic acids and propylene) by 53, 63.5 and 70 % over the control 

group, respectively. The blood testosterone concentration in treated groups was 

higher than in the control. The beneficial effect of the organic acids or propylene 

glycol additives might be due to a stimulatory effect of nutrients made available to 

the animal on testicular steroidogenesis, as improved nutrition enhances testicular 

functions, stimulating testosterone synthesis (Attia and Kamel, 2012). 

 

Semen characteristics:  
Supplemented bucks' drinking water with individual citric, lactic acids, 

propylene glycol or mixture of them significantly improved libido urge of bucks, 

in terms of less time before ejaculation compared to the control (Table 4). It was 
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found that the reaction time decreased significantly in all treatments compared to 

control. On the other hand, no significant differences were found between treated 

groups in reaction time. The previous effect may be due to increased testosterone  

Table 3 : LSM* of  some blood parameters  of NZW rabbits bucks as affected 

               by studied water supplements. 

Parameters  
 Treatment groups  

S.E 
Control T1 T2 T3 T4 

Hematocrit  % 30.9
c
 31.9

b
 34.6

a
 34.9

a
 35.4

a
 0.3 

Hemaglobin g/dl 10.7
b
 12.3

a
 11.9

ab
 12.4

a
 12.4

a
 0.02 

RBCs 10
6
/mm 4.1

c
 4.3

b
 4.4

ab
 4.5

a
 4.4

ab
 0.7 

WBCs  10
3
/mm 26.3

b
 29.9

a
 29.2

a
 31.2

a
 31.6

a
 1.1 

Lymphocytes % 55.3
b
 55.2

b
 62.5

a
 64.7

a
 64.0

a
 1.02 

Neutrophils % 38.1
a
 38.0

a
 31.9

b
 29.7

b
 30.0

b
 0.1 

Monocytes% 3.6
a
 3.7

a
 2.4

b
 2.5

b
 3.2

a 
0.1 

Basophils% 1.7
a 

1.7
a 

1.6
a 

1.5
a 

1.0
b 

0.2 

Eosinophils% 1.5
 

1.50 1.5
 

1.5
 

1.7
 

0.1 

Blood Metabolites 
TP g/dl 6.1

b
 6.3

 ab
 6.5

 a
 6.7

 a
 6.8

a
 0.31 

Alb g/dl  3.5
 ab

 3.3
 b
 3.5

ab
 3.6

a
 3.6

a
 0.24 

Glb g/dl 2.6
b
 3.1

a
 3.1

 a
 3.2

 a
 3.2

 a
 0.3 

A / G ratio  1.33
a 

1.07
b 

1.14
b 

1.13
b 

1.14
b 

0.04 

Liver function 
AST(U/L) 32.7 31.8

 
32.2 31.8

 
32.5 0.24 

ALT(U/L) 20.9 20.9
 

19.8
 

20.9
 

21.4 0.29 

Hormones 
T3 (ng/ml) 1.4

c 
1.7

b
 1.7

b
 2.1

a
 2.3

a
 0.92

 

Testosterone (ng/ml) 5.4
b 

8.3
a 

8.9
a 

8.2
a 

9.3
a 

0.3 
a,b,c : Means within the same row  with different superscripts are significantly differ.(P≤0.05).   

T1=citric (Ci) T2= Lactic acid (La) T3= Propylene glycol (Pg) T4= Ci + La + Pg  
*LSM: Least square means, SE: Standard error 

 

level in the treated rabbits’ groups, as they had higher level of testosterone 

hormone than the control group. The previous findings were in agreement with 

Gado et al.,(2015) who reported a good relation between increased testosterone 

hormone concentration and increase libido in male rabbits. This may be due to 

the testosterone and estradiol, which act synergistically to stimulate male sexual 

behaviour (Cross and Roselli, 1999).  
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Results of semen quality characteristics (ejaculate volume, sperm cell 

concentration and total sperm production) are shown in Table 4. A significant 

increase in ejaculate volume (P≤0.05) by 26, 47, 38 and 70% for groups of citric, 

Table 4: LSM* of sexual urge, semen characteristics, spermatozoa 

characteristics, daily feed intake (g) and total body gain (g) of bucks as 

affected by studied water supplements. 

Parameters 
Treatment groups  

S.E 
Control T1 T2 T3 T4 

Sexual urge 

 

Libido (minute) 2.64
a

 1.85
b 

1.90
b 

1.88
b 

1.81
b` 

0.1 

Reaction time (second) 19.88
 a 19.6

 
7

 

b 19.00
 b 

18.98
 b 18.51

 

b 0.8 

Semen characteristics 

 Ejaculate volume (ml) 0.34
c

 0.43
b 

0.50
b 

0.47
b 

0.58
a 

0.02 

Sperm cell concentration 

(X10
6
/ ml) 

299.1
c

 336.4
ab

 337.1
ab

 322.2
bc

 362.8
a

 6.1 

Total sperm output  

(X10
6
/ ml) 

101.70
 c

 144.65
 b
 168.55

 b
 151.43

 b
 210.42

 a
 10.2 

Spermatozoa characteristics 

 Mass motility ( %) 2.42
b 

3.88
a 

3.54
a 

3.43
a 

4.00
a 

0.1 

Progressive motility ( %) 30.00
d 

40.00
c 

46.67
b 

39.58
c 

55.83
a 

2.4 

Live spermatozoa  ( %) 65.96
d 

69.54
cd 

73.54
bc 

70.25
bcd 

82.42
a 

1.8 

Abnormal spermatozoa 

( %) 
28.00

a
 19.21

cd
 19.88

c
 22.00

bc
 15.83

d
 1.1 

Feed intake and weight 

gain 
      

Daily feed intake 

(g/buck) 

139.1
b
 

155.6
a
 

160.1
a
 156.6

a
 164.8

a
 

1.8 

Total  body gain 

(g/buck) 

430.6
b
 459.5

a
 444.5

a
 471.2

a
 463.2

a
  28 

a,b,c,: Means within the same row  with different superscripts are significantly differ.(P≤0.05).   

T1=citric (Ci) T2= Lactic acid (La) ,T3= Propylene glycol (Pg) T4= Ci + La + Pg 

*LSM: Least square means, SE: Standard error 

 

lactic acids, propylene glycol or mixture of them respectively, over the control 

group. Citric, lactic acids, propylene glycol or mixture of them resulted in a 

significant increase (P≤0.05) for each of sperm cell concentration and total sperm 

output per ejaculate compared to the control group. Moreover, the increased 
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semen ejaculate volume in treated groups was correlated with significant increase 

in sperm cell concentration. According to Kamel et al. (2009), an increase in 

ejaculate volume was necessary for sperms to provide them by nutritious 

elements that are needed for their live. Adding organic acids or propylene glycol 

resulted in a significant increase (P≤0.05) in mass motility and progressive 

motility.  

Results show a significant decrease (P≤0.05) in abnormal spermatoza in all 

treated groups. The percentage of abnormal sperm was significantly decreased to 

reach 31, 29, 21 and 43 % less than the control group. These results are in 

agreement with Oloyede, et al., (2018) who showed that adding citric acid in the 

diet of the rabbit bucks supported normal growth of the reproductive tract and 

semen quality of the rabbit bucks. Increasing sperm cell concentration and total 

sperm output per ejaculate may be attributed to the   organic acids or propylene 

glycol affects the activation of spermatogenesis in the sperm tubes to produce 

whole sperm. 
  

Does performance 

Does blood parameters obtained through 3
rd

 week of pregnancy is illustrated 

in Table (5). Supplementing organic acids, propylene glycol or their mixture to the 

drinking water, improved the immune response, as there was an increase in WBC’s 

and lymphocytes percent. Lymphocyte percentage increased significantly (P≤0.05) 

in treated groups except citric acid group compared to control. The WBC’s counts 

were within the normal range, and close results were obtained by El-kelawy et al., 

(2017).  All hematological parameters (Ht, Hb, RBC´s and WBC´s) in the groups 

treated with individual citric, lactic acids, propylene glycol or mixture of them are 

illustrated in Table (5). Hematocrit (%) level and hemoglobin concentration   (g/dl) 

showed significant (P<0.05) increased in group received propylene glycol or 

mixture group of organic acids (citric, lactic acids) and propylene glycol compared 

to control group. While RBCs count significantly increased in the groups received 

lactic acid or mixture group of organic acids and propylene glycol compared to 

control group. There was no statistically significant change in WBCs count between 

the treated groups. These results are agreement with Kabu, et al., (2014) who 

reported that adding propylene glycol in dairy cattle during periparturient period 

had transient effects on some of hematological parameters of ruminants in the 

periparturient period. 

Adding the mixture citric, lactic acid and propylene glycol on water of 

rabbits elevated serum triiodothyronine (T3) concentration, than control group 
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(Table 5). Triiodothyronine plays an active role in energy metabolism and 

metabolic rate. Any pronounced alteration in thyroid function (hyperthyroidism or 

hypothyroidism) is reflected in an altered metabolic rate. Indeed, the influence of  

Table 5: LSM* of some blood parameters of NZW rabbits does as affected by 

      studied water supplements. 

Parameters  
 Treatment groups  

S.E 
Control T1 T2 T3 T4 

Hematocrit % 30.54
c 

32.71
b

 34.08
ab

 34.83
a

 34.90
a

 0.3 

Hemogloblin g/dl 10.72
c

 11.40
bc

 11.88
b

 12.25
a

 12.39
a

 0.03 

RBCs 10
6
/mm

3
 4.11

c
 4.29

b
 4.41

a
 4.39

ab
 4.53

 a
 0.6 

WBCs  10
3
/mm

3
 26.01

b 
29.36

 a 
28.83

a 
30.22

 a 
31.55

a 
1.03 

Lymphocytes % 55.43
b 

56.70
b 

63.45
a 

64.70
a 

64.62
a 

1.04 

Neutrophils 37.62
a 

38.42
a 

31.86
b 

29.69
b 

30.01
b 

0.09 

Monocytes
 3.54

a 
2.63

b 
2.30

b 
2.38

b 
3.14

 a
 0.1 

Basophils 1.87
a 

1.61
a

 1.73
a

 1.59
a

 1.01
b

 0.11
 

Eosinophils 1.51
a 

0.73
b

 1.55
a

 1.50
a

 1.73
a

 0.1
 

Blood Metabolites 
TP g/dl 5.94

b
 6.58

 a
 6.75

 a
 6.79

 a
 6.75

 a
 0.29 

Alb (A) g/dl  3.30
 b

 3.46
 ab

 3.40
 ab

 3.60
 a

 3.65
 a

 0.22 

Glb (G) g/dl 2.64
b

 3.12
ab

 3.35
a

 3.19
a

 3.10
ab

 0.18 

A / G ratio 1.25
a 

1.12
bc 

1.01
c 

1.13
b 

1.18
ab 

0.03 

Liver function 
AST(U/l) 31.90 31.81

 
32.17 31.80

 
32.52 0.23 

ALT(U/l) 19.85 20.98
 

19.89
 

20.97
 

21.50 0.28 

Hormones 
T3  (ng/ml) 1.32

 c
 1.65

 b
 1.63

 b
 1.98

 a
 2.24

 a
 0.90 

a,b,c : Means within the same row  with different superscripts are significantly differ.(P≤0.05).   

T1=citric (Ci) T2= Lactic acid (La) T3= Propylene glycol (Pg),  T4= Ci + La + Pg 

*LSM: Least square means, SE: Standard error 

 

serum triiodothyronine (T3) was more pronounced with the addition of either 

propylene glycol or mixture of organic acids and propylene glycol followed by 

those received citric and lactic acids comparable to the rabbits of basal diet 

(Abdel-Fattah et al. 2008).  

Data in Table 5 clear that treated groups significantly affected TP, Alb 

and Glb and recorded the best A/G ratio. Total protein concentration increase 

from 5.94 g/dl in control group to 6.79 g/dl in group received propylene glycol in 

drinking water. The same increase was found for Alb 3.30 g/dl in control group to 
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3.65 g/dl in group received mixture of organic acids (citric and lactic) and 

propylene glycol. The obtained values were within the normal physiological range 

according to Özkan et al. (2012) who stated that TP in female rabbits ranged 

between 4.9–7.9 g/dl. In addition, Verag (2002) reported that Alb level in rabbits 

normally ranged from 2.7 to 5.0 g/dl. This suggests that increased blood protein 

with progression to pregnancy is a good indicator of animal health, especially the 

levels of Alb which reflect the animal's ability to synthesize and store proteins and 

acts as an index of nutritional status. (Ashour et al., 2018). 

Concerning litter size results, does showed good results with supplementing 

individual citric, lactic acids, propylene glycol or mixture of them to drinking 

water, where litter size and weight at birth and at weaning were increased in 

treated groups compared to control group (Table 6). The findings are in harmony 

with Abdel-Fattah et al., (2008) found that citric acid creating acidic conditions, 

which increase bioavailability and absorption of nutrients and prevents the growth 

of harmful microorganism, which reflect on better performance. Litter size (LS) 

increased obviously due to supplementing any organic acids, propylene glycol or 

their mixture to the drinking water in treated group than that in control. These 

increases in LS ranged between 63% at birth to 75% at weaning in group received 

citric acid compared to control. It was found that increases in group received 

lactic acid were 60 % to 72% compared to control. The improvement in the 

reproductive performance of preimipouros rabbits in this study may be due to the 

organic acids, propylene glycol or their mixture, which enhances their 

physiological and health characteristics, as shown by the effective function of 

Liver and kidneys. Lactic acid may enhance strong adjuvant effects including 

modulation of cell-mediated immune responses, activation of reticuloendothelial 

system, augmentation of cytokine pathways and regulation of interleukins Naidu 

et al., (2010). Propylene glycol can be converted to propionic acid in intestines 

are transported to the liver where it is converted to glucose, then raise energy 

deficit which linked to reduced lifespan of reproductive females (Fortun-

Lamothe, 2006).  

The milk yields at 3
rd

 week of lactation increased significantly in treated 

groups compared to the control. The highest value in milk yield was in group four 

which received mixture of citric, lactic and propylene glycol. This increase may 

be improved the negative energy balance where, the females concurrently 

pregnant and lactating at the same time. The energy supplementation with 

glycogenic supplements as propylene glycol (PG) increase plasma glucose and 
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insulin to improve the metabolic and endocrine female status (Lorenzo, et al., 

2014 and Abdel-Latif et al., 2016). There is a relation between feed intake and 

body gain and milk yield. The milk production increase is a response to the higher  

Table 6: LSM* of productive performance of NZW rabbit does as affected by  

studied water supplements. 

Parameters  
 Treatment groups   

S.E 
Control T1 T2 T3 T4 

Litter size at:- 

Birth 4.25
b

 6.96
a

 6.80
a

 6.36
a

 6.65
a

 0.6 

Weaning 3.20
b 

5.61
a

 5.51
a

 5.21
a

 5.41
a

 0.7 

Litter  weight (g) at:- 

Birth 242.4
b

 320.0
ab

 336.6
a

 388.3
a

 340.5
a

 40.2 

Weaning 1128.5
b

 1782.3
 a

 1689.2
a

 1820.2
a

 1780.0
a

 110.3 

Milk yield(g) at:- 

3
rd
 week 85.2

 b
 102.1

 a
 97.2

 a
 103.2

 a
 105.4

 a
 8.6 

4
th 

week 57.1 62.6 63.2 61.5 62.0 4.3 

Daily feed intake 

(g/doe) 

160.9
b

 177.2
 a

 173.7
a
  175.6

a
 184.0

a
 1.7 

Total  body gain 

(g/doe) 

456.5
b

 484.5
a

 479.2
ab

 480.6
a

 483.2
a
 33 

Mortality (B-W) (%)  24.7 19.4 19.0 18.1 18.6  
a,b,c :Means within the same row  with different superscripts are significantly differ.(P≤0.05).   

M(B-W) = Mortality from birth to weaning of kits 

T1=Citric (Ci) T2= Lactic acid (La) T3= Propylene glycol (Pg) T4= Ci + La + Pg 

*LSM: Least square means, SE: Standard error 

 

live weight and feed intake capacity of does (Xiccato et al., 2004). The 

supplementation of propylene glycol can rapidly supply the energy required for 

milk production (Lien, et.al., 2010). 

Mortality rate decreased significantly compared to the control group and the 

lowest percentage was recorded with propylene glycol and the mixture of citric, 

lactic acids, propylene glycol. Similar results were obtained by El-Kelawy et al., 

(2001) when added 0.5 mg propylene glycol/litter of drinking rabbit water. Also, 

might be due to better efficiency in feed digestion and absorption as well as 

reduction of dietary pH leads to the reduction of pathogenic microbes from gastro 

intestinal tract and improve nutrient absorption by rabbit (Uddin et al., 2014). A 

great role of propylene glycol on decreasing mortality rate and improvements in 

reproductive can be due partially to increasing metabolic activity and improve 
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energy balance which reflect on litter size and weight at birth or at weaning and 

increasing the immunity as reported in other studies concerning about its effect on 

rabbit reproductive (Luzi et al., 2000 and Ismail et al., 2003).  

Conclusively, supplementation of citric( 0.5 ml/L), lactic acids (0.5 ml/L) or 

propylene glycol (0.5ml/L) in drinking water for adult bucks and does can 

improve reproductive performance as a results role of organic additives in 

activation the immune system, by improving available energy, improving 

nutrition digestion as well as improving milk quality, and thus affecting 

reproduction in farm animals. 
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جليكىل علي: والبزوبلين والستزيك لاكتيكال ضمحا إضافة تأثيز  

 لذكىر وإناث الارانب لتناسليالأداء ا -2

 
 عبد المنعم صدقي، سامية مبارس، نهي محمىد عبد العظيم

 ٍصش –اىذقٍ  –ٍشمض اىثحىز اىضساعُح  -ٍعهذ تحىز الإّراج اىحُىاٍّ 

 

ظافح حاٍط اىسرشَل أجشَد اىرجشتح عيٍ رمىس واّاز الاساّة اىُْىصَيْذٌ ىرحذَذ ذأثُش إ

واىلامرُل و اىثشوتيُِ جيُنىه عيٍ الأداء الإّراجٍ ىلأساّة فٍ اىرجشتح الأوىً ، ذٌ 

وصُ اىجسٌ اىحٍ أشهش ٍِ اىعَش ٍع ٍرىسػ  NZW (9رمش ٍِ أساّة  25ذخصُص 

ٍعاٍلاخ ىذساسح ٍعاٍو اىهعٌ ، صىسج اىذً ، اىشغثح اىجْسُح ،  5جٌ( فٍ  ±173  3400

أّثٍ  40فٍ اىرجشتح اىثاُّح ، ذٌ ذخصُص وىٌ وخصائص اىحُىاّاخ اىَْىَح. اىسائو اىَْ

 5جٌ( فٍ  188±  3100وصُ جسٌ حٍ َثيغ أشهش ٍِ اىعَش تَرىسػ  8ُّىصَيْذٌ )

ىذساسح صىسج اىذً ، وعذد اىخيفح واىىصُ عْذ  تزمىس غُش ٍعاٍيحٍعاٍلاخ. ذٌ ذيقُح الاّاز 

ذيقد اىَجَىعح الأوىً فٍ ميرا اىرجشترُِ اىَاء اىعادٌ  اىىلادج واىفطاً ، وإّراج اىيثِ.

ىَجَىعاخ اىثاُّح واىثاىثح واىشاتعح واىخاٍسح ذٌ إظافح ا)ٍجَىعح اىَقاسّح(، فٍ حُِ 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Szendr%26%23x00151%3B%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25049621
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zotte%20AD%5BAuthor%5D&cauthor=true&cauthor_uid=25049621
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ٍو / ىرش ٍاء ششب  0.5حاٍط اىسرشَل أو حَط اىلامرُل أو تشوتُيُِ جيُنىه عْذ 

 ٍو / ىرش عيً اىرىاىٍ. 0.75وخيُػ ٍْها 

 و OM و DM إىً ذحسُْاخ مثُشج فٍ قاتيُح هعٌ اىَغزَاخ ىيـ تجزبة الأولىتشيز نتائج ال

CP و NFE  ٍُِع ٍجَىعح اىخيُػ ٍِ حاٍط اىسرشَل وحَط اىلامرُل واىثشوتُي

وماّد هْاك جيُنىه ٍرثىعًا تَجَىعح حاٍط اىسرشَل ٍقاسّح تاىَجَىعاخ الأخشي. 

حَط اىسرشَل وحَط اىلامرُل و  حظافإتسثة صَادج ىهشٍىُ اىرسرىسرُشوُ فٍ اىزمىس 

ذحسِ فٍ مو  ٍَا اّعنس عيٍ اىنْرشوه.تاىثشوتُيُِ جيُنىه اىفشدٌ أو اىخيُػ ٍْهَا ٍقاسّح 

ٍِ اىشغثح اىجْسُح وجَُع خصائص اىسائو اىَْىٌ واىحُىاّاخ اىَْىَح فٍ اىَعاٍلاخ 

 .ٍقاسّح تاىَجَىعح اىنْرشوه

ٍسرىٌ فٍ صَادج هْاك ُّح ىلإّاز اُ فٍ ملا اىرجشترُِ الاوىٍ ىيزمىس واىثاوجذ 

اىهَُاذىمشَد وذعذاد خلاَا اىذً اىحَشاء وصَادج عذد خلاَا اىذً اىثُعاء تشنو ٍيحىظ فٍ 

تَُْا صادخ قٌُ اىهَُىجيىتُِ تشنو ٍيحىظ فٍ جَُع  اىنْرشوهتجَُع اىَعاٍلاخ ٍقاسّح 

د مو ٍِ  اىثشوذُِ مَا صا اىَعاٍلاخ )تاسرثْاء ٍجَىعح حَط اىلامرُل( عِ اىنْرشوه.

اىنيٍ ، اىجيىتُىىُِ ، ثلاثٍ َىدوثُشوُِّ تشنو ٍيحىظ تسثة الإظافاخ حَط اىسرشَل 

فٍ ووحَط اىلامرُل و اىثشوتُيُِ جيُنىه اىفشدٌ أو اىخيُػ ٍْهَا ٍقاسّح تاىنْرشوه. 

 اىَشمثاخ ٍهاخ الاساّة ورىل تاسرخذاًأ، وجذ هْاك ذحسِ فٍ أداء ىلإّاز اىرجشتح اىثاُّح

حققد الأحَاض اىععىَح أو اىثشوتُيُِ جيُنىه وفٍ خيُػ ٍُآ اىششب ٍقاسّح تاىنْرشوه. 

عْذ اىىلادج وفٍ َىً اىفطاً.  اّخفط ٍعذه اىىفُاخ فٍ  وعذدها ذحسْا فٍ وصُ اىخيفح

اىَجَىعاخ اىرٍ ذٌ اخرثاسها ٍقاسّح تاىنْرشوه. مَا صاد مَُح إّراج اىيثِ تشنو ٍيحىظ فٍ 

 خ ٍقاسّح تاىنْرشوهجَُع اىَعاٍلا

ٍِ هزا ََنِ الاسرْراج أُ اسرخذاً أحَاض اىسرشَل واىلامرُل أو اىثشوتُيُِ   التىصية: 

جيُنىه ىيزمىس اىثاىغح والاّاز ََنِ أُ َحسِ الأداء اىرْاسيٍ ورىل عِ غشَق ذْشُػ 

اىجهاص اىَْاعٍ ، وذحسُِ  الاداء ٍِ خلاه ذحسُِ اىطاقح اىَراحح ، وذحسُِ هعٌ اىقٌُ 

ُح ومزىل ذحسُِ مَُح اىيثِ، ٍَا َْعنس عيٍ حجٌ اىخيفح وتاىراىٍ اىرأثُش عيً اىرناثش اىغزائ

 فٍ حُىاّاخ اىَضسعح.

 الأساّة ، الأداء اىرْاسيٍ ، الأحَاض اىععىَح ، اىثشوتُيُِ جيُنىه. الكلمات الدالة:


