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Simple Summary: Postbiotics, especially those derived from metabolites of 9 

Lactobacillus, have being proposed as an alternative to the use of antibiotics for 10 

prevention and treatment of some diseases. This study was performed in rab-11 

bits due to its economic importance as livestock species in the Mediterranean 12 

countries, as well as being experimental model in biomedicine. In this work, 13 

the use of a diet enriched with a postbiotic based on lactic acid bacteria is pro-14 

posed to improve the seminal characteristics of the rabbit and its health. 15 

Abstract: The aim of this study was to evaluate the effect of postbiotic based on 16 

lactic acid bacteria supplementation on semen characteristics and hematologi-17 

cal and biochemical profile in rabbits. A total of 28 males were randomly allo-18 

cated into two groups. Males received a Control diet and Enriched diet supple-19 

mented with postbiotic during 15 weeks. Body weight, feed intake and semen 20 

characteristics was recorded weekly. Hematological profile was recorded at the 21 

beginning and at the end of the experiment and biochemical profile at 0, 5, 10 22 

and 15 weeks. Bayesian methodology was used for the statistical analysis. Feed 23 

intake was higher in Control diet (125.2 g) than in the Enriched diet (118.6 g, P 24 

= 1.00). The percentage of abnormal spermatozoa were higher in Control diet 25 

than in Enriched diet (30 % and 22 %; P = 0.93) and the percentage acrosome 26 

integrity was lower (97 % and 96 %; P = 0.87). The hematological profile was 27 

within the range of healthy rabbits. The plasmatic level of alanine aminotrans-28 

ferase was higher in Control diet than Enriched diet at 5 and 10 week (P = 0.93 29 

and P= 0.94, respectively) and alkaline phosphatase was similar in Control diet 30 

along the experiment but it decreased in Enriched diet (P = 0.97). No difference 31 

was found in kidney parameters (uric nitrogen and creatinine). Enriched diet 32 

showed a higher total protein and globulin than Control diet (P = 0.99). Phos-33 

phorus was lower (P = 0.92) in Control diet than in Enriched diet. In conclusion, 34 

the addition of the postbiotic based on lactic acid bacteria seems to improve the 35 

quality of the semen and the liver profile in rabbits. 36 
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1. Introduction 40 

Probiotics are live microorganisms that when administered in ad-41 

equate amounts confer health benefits on the host [1]. Probiotic micro-42 

organisms are primarily lactic acid-producing bacteria of the genus Lac-43 

tobacillus [2]. These probiotics can regulate the balance of gut microbes, 44 

promote the growth and productivity of animals, and improve the host 45 

resistance to diseases [3]. Thus, they have been extensively used in 46 

dairy cattle [4], beef cattle [5], pigs [6], hens [7] and rabbits [8]. Postbi-47 

otics are defined as soluble products or metabolites secreted by probi-48 

otics that have physiological benefits to the host [9]. Postbiotics consist 49 

of a wide range of effector molecules [10] and they are capable of re-50 

ducing the gut pH and, in turn, inhibiting the proliferation of oppor-51 

tunistic pathogens in the feed and gut microbiota [10, 11]. Postbiotics, 52 

especially those derived from metabolites of Lactobacillus, have being 53 

proposed as an alternative to the use of antibiotics not only in human 54 

but also in monogastric [12]. Currently the application of postbiotics in 55 

human food, animal fed and pharmaceutical industries is increasing 56 

and postbiotics products derived from Lactobacillus species are com-57 

mercially available for prevention or treatment of some diseases [10]. 58 

Rabbit is a livestock species reared either for the production of 59 

meat, hair or skin or as an experimental reference for other species, such 60 

as pigs or humans [13]. In rabbit meat production, artificial insemina-61 

tion is being widely used in intensive production farms [14]. The suc-62 

cess of rabbit’s artificial insemination program depends to both a great 63 

extent on male health and reproductive performance [15]. Thus produc-64 

tivity, welfare and health of males should be improved by handling or 65 

feeding. Unlike other monogastric animals, data regarding the use of 66 

the postbiotics in rabbits are quite scarce [12]. The objective is to study 67 

the effect of postbiotic based on lactic acid bacteria supplementation on 68 

semen characteristics and hematological and biochemical profile in 69 

male rabbits. 70 

 71 

2. Materials and Methods 72 

2.1. Ethics statement 73 

All experimental procedures were approved by the Miguel Her-74 

nández University of Elche Research Ethics Committee, according to 75 

Council Directives 98/58/EC and 2010/63/EU (reference number 76 

2019/VSC/PEA/0163). 77 

2.2. Product description 78 

The fermented food product tested was the result of a specific pro-79 

cess of fermentation of a substrate and a combination of specific lactic 80 

acid bacteria and yeast. Substrate was a plant-based food product pri-81 

marily composed by soya, alfalfa and wheat with other minor compo-82 

nents. The fermented food product contained the phylum Firmicutes 83 

(38.7 %), Proteobacteria (26.7 %), Bacteroidetes (18.3 %), Actinobacteria 84 
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(14.5%) and TM7 (1.8%). At genus level Lactobacillus was the predomi-85 

nant, accounting for more than 6% of identified species [16]. 86 

2.3 Animals 87 

A total of 28 rabbit males were used [17]. Males were held on the 88 

experimental farm at the Universidad Miguel Hernández de Elche 89 

(Spain). All animals were reared in individual cages (37.5 × 33 × 90 cm) 90 

during all the experiment. The photoperiod was 16 hours light: 8 hours 91 

dark. 92 

2.4. Diets 93 

Two diets were used. The Control diet presented the following 94 

composition: 17% crude protein, 15% crude fiber, 9% crude ash, 3.6% 95 

crude fat, 1.2% calcium, 0.6% phosphorus and 0.3% sodium. The En-96 

riched diet presented the same composition supplemented with 2.0 kg 97 

of the fermented food product in a ton of feed. 98 

2.5. Experimental design 99 

Males were randomly divided into 2 groups of 14 males each, one 100 

group received the Control diet and the other the Enriched diet. Males 101 

had an adaptation period to the feed of 4 weeks. Experiment procedure 102 

lasted 11 weeks. Male body weight and feed intake were recorded 103 

weekly (Fig. 1). 104 

2.6. Semen collection and evaluation 105 

Two ejaculates per male were collected each week on a single day 106 

an artificial vagina, with a minimum of 30 min between ejaculate col-107 

lections. After adaption period, semen evaluations were performed 108 

during 11 weeks. If gel was present, it was removed. Only ejaculates 109 

exhibiting a white color were classified as normal and were evaluated. 110 

Ejaculates were diluted (dilution 1:5) with TRIS–citrate-glucose ex-111 

tender. Percentages of motile sperm evaluated subjectively (from 0 to 112 

5) under a microscope at a magnification of 400x with thermostated 113 

plate set at 37ºC. 114 

An aliquot from each ejaculated (0.1 ml) was fixed with 0.9 ml of 115 

2% glutaraldehyde solution in DPBS. The sperm concentration was de-116 

termined using a Thoma-Zeiss counting cell chamber (Marienfield, 117 

Germany). A total of 100 spermatozoa was evaluated at a magnification 118 

of 400x with a differential interface contrast microscope (Normarski 119 

constrast). Spermatozoa was classified as normal or abnormal. The per-120 

centage of abnormal spermatozoa was calculated. Abnormalities were 121 

referred to tail, head and middle piece and their percentage was calcu-122 

lated. Presence of cytoplasmatic droplets and status of the acrosome 123 

(intact or damage) in the normal spermatozoa was evaluated and their 124 

percentages were calculated. 125 

2.7 Blood collection and biochemical and haematological parameters 126 

Following the blood sampling procedure described in [18], blood 127 

samples were collected into a tube with tripotassium 128 
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ethylenediaminetetraacetic acid (K3-EDTA) at weeks 0 and 15. Haema-129 

tological parameters such as white blood leukocyte count (WBC, 130 

103/µL), percentage of lymphocytes, neutrophils, monocytes, basophils 131 

and eosinophils were determined with the haematology analyser Aba-132 

cus Junior Vet (Diatron, Austria). 133 

Blood samples were collected into a lithium heparin tube at weeks 134 

0, 5, 10 and 15. After centrifugation at 4000 rpm for 15 min, the concen-135 

trations of total bilirubin (TBIL, µmol/L), alkaline phosphatase (ALP, 136 

U/L), albumin (ALB, g/L), alanine aminotransferase (ALT, U/L), total 137 

protein (TP, g/L), globulin (GLOB, g/L), glucose (GLU, mmol/L), creat-138 

inine (CRE, µmol/L), uric nitrogen (BUN, mmol/L), amylase (AMY, 139 

U/L), calcium (Ca+2, mmol/L), potassium (K+, mmol/L), sodium (Na+, 140 

mmol/L) and phosphorus (FOS, mmol/L) were assessed. These bio-141 

chemical parameters were determined with the VETSCAN (Diatron, 142 

Austria) for Comprehensive Diagnostic Profile rotors. 143 

2.8 Statistical analyses 144 

2.8.1 Survival, body weight and feed intake 145 

 Keplen Meier plot was used for the survival analyses (GrpahPad 146 

Prism 9.0.0) 147 

Body weight and feed intake were analysed using the following 148 

model: 149 

Yijkl = µ + Wi + Dj + Wi x Dj + mijk + eijkl; 150 

Where Wi is the week effect (i=15), Dj is the diet effect (j=2; Control 151 

diet and Enriched diet); Wi x Dj is the interaction between week and 152 

diet, mijk is the random effect of the male and eijkl is the residual term. 153 

The body weight was also included as covariate for feed intake 154 

2.8.2 Seminal parameters. 155 

The percentage of normal ejaculates was analysed using Chi-156 

square test. Seminal parameters were analysed using the following 157 

model: 158 

Yijklm = µ + Oi + Wj + Dk + mijkl + eijklm; 159 

Where Oi is the collection order effect (i=2; first and second), Wj is 160 

the week effect (j=11), Dk is the diet effect (k=2; Control diet and En-161 

riched diet), mijkl is the random effect of the male, and eijklm is the 162 

residual term. 163 

2.8.3 Haematological and biochemical traits 164 

Data were analysed using the following model: 165 

Yijkl = µ +Wi + Dj + Wi x Dj + mijk + eijkl; 166 

Where Wi is the week effect (i=2, week 0 and 15 for haematological 167 

traits; i=4, week 0, 5, 10 and 15 for biochemical traits), Dj is the diet effect 168 
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(j=2; Control diet and Enriched diet); Wi x Dj is the interaction effect, 169 

mijk is the random effect of the male and eijkl is the residual term. 170 

Residuals and male effects were assumed to be independently 171 

normally distributed with the same variance. A Bayesian analysis was 172 

used, with bounded flat priors for all unknown parameters. Marginal 173 

posterior distributions were estimated for all unknowns using Gibbs 174 

sampling. Marginal posterior distributions of the differences between 175 

lines were computed with the program Rabbit developed by the Insti-176 

tute for Animal Science and Technology (Valencia, Spain). Monte Carlo 177 

Markov chains of 60000 iterations, with a burn-in period of 10000, and 178 

only one out of every 10 samples was saved for inferences. Conver-179 

gence was tested using the Z criterion of Geweke and Monte Carlo sam-180 

pling errors were computed using time-series procedures.  181 

Results are presented with Bayesian methodology. We provide 182 

the difference between diets (DD-E) and the precision of our estimation, 183 

finding the shortest interval with 95% probability of containing the true 184 

value, that can be asymmetric around the estimation. This is called the 185 

highest posterior density interval at 95% probability. We also calculate 186 

the actual probability of the difference between the Control diet and 187 

Enriched diet |DD-E| being higher than zero. We consider that there is 188 

enough evidence for the Control and Enriched diets being different 189 

when the probability of this difference in absolute value |DD-E| is more 190 

than 90%. 191 

3. Results 192 

3.1. Survival, body weight and feed intake 193 

Males fed with Enriched diet displayed similar survival rate to 194 

Control diet (Fig. 2a). Survival rate was 78.6 % for Enriched diet and 195 

73.3 % for Control diet (Chi square = 0.07; P value = 79 %; data not 196 

shown in tables). 197 

In general, body weight was 3514 g in Control diet and 3433 g in 198 

Enriched diet (P = 0.85, Table 1). Feed intake was 5% higher with the 199 

Control diet (125.2 g) than with the Enriched diet (118.6 g; P = 1.00). This 200 

difference was not due to a higher body weight of Control diet, since 201 

when the body weight was included as a covariate, the difference be-202 

tween diets was maintained. The evolution of the body weight and feed 203 

intake each week is shown in Figures 2b and 2c. 204 

3.2. Sperm quality  205 

Both diets showed similar percentage of eliminated ejaculates due 206 

to low macroscopic quality (12% in the Control diet and 14% in the En-207 

riched Diet; Chi square = 0.58; P = 45%; data not shown in tables). 208 

Volume, motility and production were similar in both diets (Table 209 

2). Enriched diet showed lower percentage of abnormal spermatozoa 210 

than Control diet (22 % and 30 %, respectively; P = 0.93). This difference 211 

was due to the lower percentage of tail abnormalities (16 % and 24 %, 212 

respectively; P = 0.90). Similar percentage of head and middle piece ab-213 

normalities were found in both diets (4 % and 2 %, respectively). 214 

Similar cytoplasmatic droplet was shown for both diets (P = 0.69). 215 

Acrosome integrity was higher in Enriched than Control diet (97 % and 216 

96 % respectively; P = 0.87). 217 

3.3. Haematological and biochemical parameters  218 
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Figures 3 and 4 show haematological parameters for diets and at 219 

the beginning and end of the experiment. WBC did not vary between 220 

diets or throughout the experiment. Lymphocytes increased 15 % and 221 

20 % in the Control diet (P = 0.90) and in the Enriched diet (P = 0.93). 222 

Monocytes increased for the Control diet (P = 0.97) but they did not 223 

vary in the Enriched Diet. Neutrophils decreased in the Control diet (P 224 

= 0.90) and in the Enriched diet (P = 0.99). Eosinophils and basophils 225 

increased from week 0 to 15 in both Diets (P = 1.00 and P = 0.91, respec-226 

tively). 227 

Alanine aminotransferase is shown for Control and Enriched diets 228 

at 0, 5, 10 and 15 weeks in Figure 5a. Alanine aminotransferase was 229 

higher in the Control diet than in the Enriched diet at 5 week (P = 0.93) 230 

and at 10 week (P = 0.94). Both diets decreased the alanine aminotrans-231 

ferase, but this decrease was lower in Control diet (5.6 U/L; from 50.2 232 

to 44.6 U/L) than in Enriched diet (6.0 U/L; from 43.5 to 37.5 U/L; P=0.95; 233 

results not shown in Figure). Alkaline phosphatase was similar for both 234 

diets and throughout the entire control period (Fig 5b). Nevertheless, 235 

while the difference between 0 and 15 weeks was similar in Control diet 236 

(39.6 and 35.5 U/L, respectively; P = 0.62), the alkaline phosphatase ex-237 

hibited relevant reduction in Enriched diet (42.7 and 35.5 U/L, respec-238 

tively; P = 0.97). Amylase tends to be higher in Control diet than in En-239 

riched diet, showing difference at week 10 (P = 0.95; Figure 5c). Glucose 240 

was similar for both diets and ranged from 5.6 to 6.5 mmol/L (Fig. 5d). 241 

Enriched diet showed a higher total protein than Control diet after 242 

the adaptation period (+ 2.68 g/L; P = 0.99; Fig. 6a) and was maintained 243 

until week 10 (+3.09 g/L; P = 0.99). However, after feeding Enriched diet 244 

for 15 weeks, the total protein was similar to Control diet. Control diet 245 

showed a lower globulin concentration than the Enriched diet in both 246 

5 (P = 0.98; Fig. 6b) and 10 weeks (P = 0.99). Albumin was higher at the 247 

beginning of the experiment in the Control diet (22.9 g/L; Fig., 6c) than 248 

in the Enriched diet (21.9 g/L; P = 0.94). Both diets presented similar 249 

albumin from 5 to 15 week.  250 

Control diet showed higher creatinine values than the Enriched 251 

diet (P = 0.92) at week 0, but the values were similar at week 5, 10 and 252 

15 (Fig 7a). Both diets decreased creatinine during the experiment (-20.8 253 

µmol/L in Control diet, P = 1.00; -30.5 µmol/L in Enriched diet, P = 1.00). 254 

Regarding uric nitrogen, similar concentration was showed for both di-255 

ets (Fig. 7b) and uric nitrogen increased during the experiment (+0.7 256 

mmol/L in both lines; P=0.99). Total bilirubin was similar in both diets 257 

(Fig. 7c) and decreased during the experiment (-0.3 µmol/L in Control 258 

diet, P = 0.92; -0.4 µmol/L in Enriched diet, P = 0.96). 259 

The results of calcium, phosphorus, potassium and sodium are 260 

presented in Figure 8. Calcium was higher in Control diet both in 0 261 

week (P = 0.93) and in 15 week (P = 0.97) and phosphorus was lower for 262 

the 4 (P = 0.90) and 15 weeks (P = 0.92). Potassium and sodium were 263 

similar for the two diets throughout the experimentation period. 264 
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Figure 1. Experimental design diagram   265 

 Week 
Activity 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Adaptation period                 
Experimental period                 
Body weight, feed intake and semen extraction                 
Semen evaluation                 
Haematological parameters                 
Biochemical parameters                 
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Figure 2. Control and Enriched diet: (A) Keplen-Meier plot. (B)  Evolution of body weight. (C) Evolution of 266 
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Table 1. Effect of diet on body weight and feed intake in male rabbits 269 

 D E DD-E HPD95% P 

Body Weight (g) 3514 3443 71 -66, 202 0.85 

Feed intake (g/day) 125.2 118.6 6.6 2.0, 10.7 1.00 

Feed intake (g/day) * 125.3 118.3 7.0 2.7, 11.4 1.00 

D: median of the Control diet; E: median of the Enriched diet; DD-E: difference between the 270 

Control and Enriched diet; HPD95%: highest posterior density region at 95%; P: probability of the 271 

difference being > 0. * Body weight as covariate 272 

 273 

Table 2. Effect of diet on sperm quality in male rabbits 274 

 D E DD-E HPD95% P 
Volume (mL) 1.09 1.13 0.04 -0.27, 0.18 0.64 

Motility 3.72 3.75 -0.03 -0.07, 0.62 0.53 

Production (106 spz) 266.2 269.1 -3.3 -75,7, 63.1 0.54 

Abnormal spz (%)      

     Total (%) 30 22 8 -2, 18 0.93 

     Head (%) 4 4 0 -3, 2 0.64 

     Tail (%) 24 16 8 -5, 18 0.90 

     Middle piece (%) 2 2 0 -1, 1 0.62 

Cytoplasmatic droplet (%) 12 10 2 -5, 8 0.69 

Acrosome integrity (%) 96 97 -1 -3, 1 0.87 

D: median of the Control diet; E: median of the Enriched diet; DD-E: difference between the Control 275 

and Enriched diet; HPD95%: highest posterior density region at 95%; P: probability of the difference 276 

being > 0 when DD-E > 0 or being < 0 when DD-E < 0. 277 

 278 

 279 

  280 
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  281 

 Figure 3. White blood cells (WBC, x103/µL) levels for Control and Enriched diet at 0 and 15 weeks. 282 

 283 

  284 

Figure 4. Percentage of lymphocytes, neutrophils, monocytes, eosinophils and basophils for Control and 285 

Enriched diets at 0 and 15 weeks.  286 
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(a)         (b)  288 

  289 

    (c)         (d) 290 

Figure 5. Evolution of (a) alanine aminotransferase; (b) alkaline phosphatase; (c) amylase; (d) glucose in males 291 

fed with Control and Enriched diet. P is probability of the difference being > 0 when the difference 292 

between the diets was > 0 or being < 0 when this difference was < 0. 293 

30

35

40

45

50

55

0 5 10 15

Control diet Enriched diet

P=0.85

Week

P=0.93
P=0.94

P=0.85
30
32
34
36
38
40
42
44

0 5 10 15

Control diet Enriched diet

A
lk

al
in

e 
p

h
os

p
h

at
as

e
(U

/L
) 

P = 0.76

Week

P = 0.66

P = 0.75 P = 0.65

200

210

220

230

240

250

260

270

0 5 10 15

Control diet Enriched diet

A
m

yl
as

e 
(U

/L
)

P=0.83

Week

P=0.80

P=0.95
P=0.82

5
5,2
5,4
5,6
5,8

6
6,2
6,4
6,6

0 5 10 15

Gl
uc

os
e 

(m
m

ol
/L

)

Week
Control diet Enriched diet

P=0.62

P=0.82
P=0.86

P=0.70



  

Animals 2020, 10, x; doi: FOR PEER REVIEW www.mdpi.com/journal/animals 

   294 

(a)  (b)           (c) 295 

Figure 6. Evolution of (a) total protein; (b) globulin; (c) albumin in males fed with Control and Enriched diet. P is probability of the difference being > 0 when the difference 296 

between the diets was > 0 or being < 0 when this difference was < 0. 297 
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   300 

(a) (b)            (c) 301 

Figure 7. Evolution of (a) creatinine; (b) uric nitrogen; (c) total bilirubin in males fed with Control and Enriched diet. P is probability of the difference being > 0 when the 302 

difference between the diets was > 0 or being < 0 when this difference was < 0. 303 
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(a) (b) 305 

 306 
(c) (d) 307 

Figure 8. Evolution of (a) calcium; (b) phosphorous; (c) potassium; (d) Sodium in males fed with Control and Enriched diet. P is 308 
probability of the difference being > 0 when the difference between the diets was > 0 or being < 0 when this difference 309 
was < 0.  310 
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4. Discussion 311 
There is an increasing evidence of the role of postbiotics as health promoter. The ben- 312 

eficial effects of postbiotics are mediated through an interaction between the microbial 313 
products and host [10]. In this study we have tested the effectiveness of a postbiotic for- 314 
mulated with a fermented food product in semen quality and health status of the male 315 
rabbit. The postbiotic has recently demonstrated the ability to improve welfare and health 316 
in diabetics rats [16] and dairy heifer calves [19,20]. 317 

Food intake is lower with the postbiotic than control diet from the second week. Nev- 318 
ertheless, survival was not affected. When this diet has been applied to dairy heifer calves, 319 
there has also been a decrease in consumption from week 5 of intake [19]. 320 

Many studies have been carried out to improve the seminal quality in rabbits by sup- 321 
plementing the feed with probiotics [21,22]. As far as we concern, no information has been 322 
found regarding postbiotics. In our experiment, a slight improvement in the acrosome 323 
integrity and spermatozoa with normal tail has been obtained in the Enriched diet, alt- 324 
hough an increase in motility has not been provided. 325 

Hematological parameters provide valuable information on the health status of the 326 
animal. In the present study, hematological profile is within the range of healthy rabbits 327 
both at the beginning and end of the experiment and for both diets [18,23]. Levels of albu- 328 
min, alkaline phosphatase, alanine aminotransferase, total bilirubin, total protein, globu- 329 
lin, glucose, creatinine, uric nitrogen and amylase are within the wide range of values 330 
reported in rabbits [18,24,25].  331 

Alanine aminotransferase and alkaline phosphatase are markers of hepatic diseases 332 
[26,27] and alkaline phosphatase is also related with other disorders like increase of bones 333 
deposits, intestinal damage, hipertiroidism, and generalised tissue damage [28]. Males fed 334 
with postbiotic diet shows lower alanine aminotransferase and alkaline phosphatase con- 335 
centration, thus liver profile is improving. The benefit of the postbiotic on liver function 336 
has also been demonstrated in rats [16]. Alanine aminotransferase has been decreased in 337 
meat rabbit fed with lactic acid bacteria additive [29]. Moreover, a negative correlation 338 
between these biomarkers in plasma and semen quality, mainly the motility and the acro- 339 
somal damage, has been reported in rabbits [30] and in goats [31]. As previously men- 340 
tioned, the improvement in acrosome and tail would agree with this result. 341 

Several studies have reported the hypoglycemic effect of probiotic and fermented 342 
products [32,33]. Our result indicates that amylase tend to be lower with the postbiotic. 343 
This effect is not immediate, but it occurs after consuming the diet for 10 weeks. Glucose 344 
levels were attenuated with the fermented food product in rats due to changes in the gut 345 
microbiota composition [16]. 346 

Principal plasma proteins are albumin and globulin [34]. Globulin can be considered 347 
as a good indicator of immunity response [35]. The fermented product increased a 2.5% 348 
total protein and a 5.2% globulin, whereas the albumin concentration was similar in both 349 
diets. Thus, it could be indicated that postbiotic improve immunity to infectious agents. 350 
Similar results have been obtained in calves supplemented with this postbiotic [21]. It has 351 
been found that postbiotics from Lactobacillus plantarum also confers anti-inflammatory 352 
responses, as observed in a study in porcine intestinal epithelial cell lines [36]. 353 

We have measured uric nitrogen and creatinine as biomarkers of kidney function 354 
status. The results indicate that kidney function has not been affected by the use of the 355 
postbiotic, since both biomarkers evolved in a similar way during the experiment for the 356 
Control and Enriched diet. 357 

Little information is available supplementation on blood minerals in response to 358 
postbiotics. Minerals act as structural and functional cofactors in metal-containing en- 359 
zyme [37]. In addition, phosphorus is part of the ATP molecule, which is the major energy 360 
source for cellular function [38]. The postbiotic increased phosphorous levels in rabbit 361 
bloods. This finding is supported by [37] in rabbits fed with probiotics and an 362 
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improvement on metabolic state of the rabbits could be expected. The results regarding 363 
calcium are not conclusive. The postbiotic equalizes the calcium levels of the animals with 364 
the Control diet, although the calcium decreases to the initial values in the last week of 365 
treatment. 366 

 367 

5. Conclusions 368 
In conclusion, postbiotics based on lactic acid bacteria improve health status of the 369 

rabbit males, especially with respect to the liver function. It also improves sperm quality, 370 
specifically the quality of the tail and the acrosome of the spermatozoid. The improvement 371 
in postbiotic intake should be investigated as it could affect the results obtained in the 372 
long term. 373 
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