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 Poultry litter has long been recognized as the most desirable organic fertilizer and also 
used as a livestock feed as a cost-saving measure compared with other feedstock 
materials for beef animals. However, there are no published data discussed the potential 
toxicity of poultry litter on animal health. Therefore, The present study was designed to 
aimed to evaluate the toxicity of poultry litter on the genetic biochemical toxicity on 
mice fed poultry litter diets. Additionally, the protective role of vinasse against the 
toxicity of poultry litter in male mice has also been investigated. To verify the planned 
goals of the present study, poultry litter and/ or vinasse were used for preparation 
several biological diets in seven experimental groups (5 mice per each).The first group 
was fed on normal diet (N-diet) and used as control. The second, third and fourth 
groups were fed on ND mixed with 10, 20 and 30% of manufactory poultry litter (P1L, 
P2L and P3L), respectively. The fifth, sixth and seventh groups were fed on P1L plus 5% 
vinasse, P2L plus 5% vinasse and P3L plus 5% vinasse for each respectively. The 
animals mice  of seven groups were fed the corresponding mentioned diets for six 
weeks. Afterwards, mice were inspected for chromosomal aberrations, micronucleus 
formation (MN), DNA fragmentation,comet assay and biochemical parameters. The 
results showed that the feeding of poultry litter diet alone induced a significant 
(P<0.05) increase in MN frequency and chromosomal aberrations in bone marrow and 
spermatocyte cells, increase in the frequency of DNA damage and DNA fragmentations 
in male mice.As well, the results showed increase in Aspartate aminotransferase 
(AST),Alanine aminotransferase (ALT) enzymes, total protein and Malondialdehyde 
(MDA) in mice fed on poultry litter alone. However, adding supplementation of vinasse 
to poultry litter diet ameliorated the genetic toxicity and the biochemical alterations by 
decreasing the chromosomal aberrations, frequency of the micronucleus (MN), DNA 
damage and DNA fragmentation. The results suggested that vinasse diet could be used 
to decrease the oxidative damage induced by poultry litter in male mice.  
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INTRODUCTION 

 
 Poultry litter is fed mainly to beef cows and stocker cattle. Substantiated amounts are fed in important 
broiler-producing states.  In the U.S. around 5.6 million tons of litter dry matter are produced per year.   
 No documented toxic effect of on cattle fed poultry litter has been reported. Copper toxicity has been 
documented in sheep fed broiler litter.  In fact, it has been reported that experiments in, as well as beef females 
fed diets containing high levels of litter with high copper levels was documented.  Liver copper was increased in 
the cows fed poultry litter [1]. 
 On the other hands, manure storage may facilitate the degradation of natural and synthetic hormones. For 
example, The degradation of estrogen in manure during storage has been observed in broiler litter [2], manure 
from pregnant and non-pregnant cows [3], and dairy manure [4]. However, research suggests that synthetic 
hormones may persist at low concentrations even after months of storage and land application. Schiffer et al. [5] 
measured the fate of trenbolone acetate and melengestrol acetate in solid and liquid lagoon manure from cattle 
that had received hormone implants. Mammals, including livestock, poultry, and humans, produce and excrete 
hormones, key sources of hormones to the environment include manure and bile from livestock and poultry 
operations as well as biosolids and discharges from wastewater treatment facilities. As previously discussed, 
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manure and biosolids are often land applied, which can lead to concentrated releases of hormones and other 
compounds (e.g., nutrients, pathogens, and antimicrobials) to the environment [6]. Related to the typically 
higher total weight of manure compared to biosolids, as well as the more extensive treatment of biosolids, the 
contribution of hormones to the environment from manure compared to biosolids can be higher. A recent 
analysis estimated that poultry litter application to farmland in Maryland is nearly two times greater than 
biosolids application, contributing approximately two times more progesterone (35.27 lbs./yr. versus 17.6 
lbs./yr.) and six times more estrone (24.3 lbs./yr. versus 4.2 lbs./yr.) to the environment [6]. 
 The occurrence and stability of hormones in the environment have only recently been investigated, partly 
related to improvements in laboratory methods allowing for the detection of hormones at low (ng/L). The 
occurrence and stability of hormones in the environment have only recently been investigated, partly related to 
improvements in laboratory methods allowing for the detection of hormones at low (ng/L). Sex steroids regulate 
the differentiation and structural development, as well as behavior and function, of the reproductive system in 
vertebrates [7]. Specifically, estrogens are responsible for the development and maintenance of female sex 
organs and characteristics, while androgens are responsible for male organs and characteristics. Progestogens 
are involved in the female menstrual cycle and pregnancy. An investigation into the ecological toxicity of 92 
types of hormones using USEPA’s ECOSAR program found that .Hormones exhibited the greatest toxicity to 
aquatic biota, compared to several other classes of pharmaceuticals [8]. The study predicted that 80% of the 
compounds were very toxic and 52% extremely toxic to fish based on impacts on species survival and 
reproduction. They found that only 1% of hormone compounds were non-toxic to fish, daphnids, or algae, 
illustrating the potential ecological effects associated with hormones in surface waters. 
 A successful natural antioxidants or antimutagenes must be economically capable of eliminating most or all 
traces of toxins or dangerous metabolites without having harmful residues and must not impair the nutritional 
quality of the commodity [9]. One approach of many to this problem is use of vinasse for minimizing the 
adverse effects of toxic compounds in poultry on the basis of biological protection [10]. Vinasse which is a by-
product of industrial production of alcohol, or other substances by fermentation of molasses. Irranmehr et al. 
[11] have been identified to possess yeasts, polysaccharides, minerals, vitamins, nonessential amino acids, 
predominantly glutamic and aspartic acids [10]. These compounds were found to be strong antioxidants and 
have potent free radical-scavenging activities, as well as they have antimutagenic effects against several 
mutagenes [12]. Moreover, the use of vinasse as a feed additive in poultry and pigs [13] were reported to show 
its influence on animal performance. Morales [14]showed that the positive effects of adding vinasse are due to 
its containing or yeast walls (polysaccharides, beta-glucans and manan type), minerals and B-complex vitamins. 
These compounds which were found to increase the efficiency of utilization of nutrients, can exert effects on the 
immune system of the chicken, exclusion of pathogens at digestive scale and therefore, produces a better 
performance of birds. 
 Therefore, the aim of the present study was designed to evaluate the genetic toxicity of poultry litter in 
which it may be having heavy metals and/or hormones residues. In addition, the protective effect of vinasse 
against poultry litter genotoxicity was investigated. 
  

MATERIALS AND METHODS 
 
Animals:  
 Healthy adult Swiss albino male mice with an average body weight (20-30g) were obtained from the animal 
house of the National Research Centre, Cairo, Egypt. Animals were housed under standard laboratory 
conditions(12h light and 12h dark) in room with controlled temperature (24+3C°) and during the experimental 
period the mice were provided free standard pellet diet and water ad libitum. Animal care and handling was in 
accordance with the guidelines set by the world health organization, Geneva, Switzerland and with the approval 
of the committee for animal care at the National Research Centre of Egypt.  
 
Diets: 
 Basal diet / were obtained from the Animal House, N.R.C, Egypt. This diet meets the mice nutrient 
requirements according to the National Research Centre Council [15]. 
 
Treatment diets:  
 Basal diet was mixed with ratio of poultry litter and vinasse as follows:  
 

Groups Concentration Diet  
ND Control Standard diet  
P1L 10% Poultry litter  + 90% N-diet 
P2L 20% Poultry litter  + 80%N-diet 
P3L 30%Poultry litter + 70% N-diet 

P1LV 10%Poultry litter +5% vinasse + 85% N-diet 
P2LV 20%Poultry litter +5% vinasse + 75% N-diet 
P3 LV 30%Poultry litter +5% vinasse + 65% N-diet 

 
 The poultry litter was obtained from Misr-Ismalia for Poultry Company, Isamalia-Egypt.  
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Experimental Design  
 Mice were randomly divided into seven groups (five mice each). The first group was fed a normal diet (N-
diet) and used as a negative control .The second group fed normal diet plus 10% of poultry litter(P1L). The 
Third group fed normal diet plus 20% of poultry litter (P2L). The Fourth group fed normal diet plus 30% of 
poultry litter (P3L). The Fifth group fed normal diet plus low dose of poultry litter plus vinasse(P1LV). The sixth 
group fed normal diet plus medium dose of poultry litter plus vinasse(P2LV). The seventh group fed normal diet 
plus high dose of poultry litter plus vinasse(P3LV). All animals were treated for 45 days and after 24 h from the 
last treatment, animals were sacrificed by cervical dislocation for studying cytogenetic analysis including 
chromosomal aberrations in bone marrow and germ cells, micronucleus in bone marrow cells and comet assay 
(liver cells), and biochemical analysis for several enzymes in liver tissues.  
 
Cytogenetic Analysis: 
Two hours before sacrifice, the animals were injected with 0.5 mg of colchicine.  
 
1. Chromosomal analysis in somatic cells:  
Bone marrow cells were prepared from the femur and aspirated the saline solution. Metaphase spreads were 
prepared by using method of Preston et al. [16]. Fifty metaphase spread per animal were analyzed for studying 
the chromosome aberrations.  
 
Chromosome analysis in Germ cells:  
 Spermatocyte cells were prepared according to Brewen and Preston [17] for mitotic chromosomal analysis.  
 
Micronucleus assay: 
 Micronucleus test was performed using the method of Schmid [18]with slight modification. A small drop of 
blood was placed at one end of clean, grease free microscopic slide. The drop was carefully spread into a single 
cell layered film without damaging the cell morphology using a polished cover glass held at an angle of 450. 
 The slides were air dried for 12h and subsequently stained for 1-2 min in concentrated May-Grunwaldstain 
(0.25% in methanlol) followed by 10% giemsa stain solution for 10 min. The slides were then rinsed twice with 
distilled water, dried and rinsed with methane. The slides were placed in xylene for clearing, methane. The 
slides were placed in xylene for cleaning mounted in DPX and analyzed for the presence of micronuclei (a total 
of 1000 cells were scored for each animal).  
 
DNA Damage assess:  
 DNA damage was performed using blood samples under alkaline conditions [19] with slight modification. 
Slides were scored using comet Score software (Tritek Corp, USA) and 100 cells were analyzed per animal. The 
parameters to assess DNA damage were tail length or class of comet (migration of DNA from nucleus) and 
DNA damage frequency. The control and treated slides were randomized and were not run separately or at 
different times to avoid variability.  
Determination of alkaline phosphatase : 
 Determination of alkaline phosphatase (Alp) (Iu/L) was carried out referring to the DGKC indications, 
Germany [20].  
 
Determination of AST and ALT:  
 Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activates were measured using kits 
of QCA, Spain, according to the method of Reitman and franked[21]. The AST, and ALT activities were 
expressed as U/I.  
 
Determination of molandialdehyde: 
 Concentration of malondialdehyde (MDA) was measured by the thiobrbituic acid test according to the 
method described by Ohkwa et al. [22] using Biodiagnostic Kit Egypt. Results were expressed as nmolof 
thiobarituric acid reactive substances/ ml.  
 
DNA Fragmentation:  
 DNA fragmentation was determined in liver cells via colorimetric diphenylamine assay [23]. Liver samples 
were collected from all mice immediately after being euthanized. Liver tissues were subjected to lysis buffer and 
centrifuged for 20 minvat 4°C. The supernatant containing fragmented DNA was transferred to a new glass 
tube. The pellet containing intact DNA was suspended in TE buffer (10 m Mtris-Hcl (PH8), / mM EDTA). The 
fragmented DNA and intact DNA for each sample were incubated in 1.5 ml of 10% trichloroacetic acid (TCA) 
at room temperature for 10 min and then centrifuged. The precipitant was suspended in 5% TCA incubated at 
100 °C for 15 min.An aliquot of 2ml of diphenylamine(DPA) solution (200 mg DPA in 10 ml of glacial acetic 
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acid, 150 Ml of sulphoric acid and 60 ml acetaldehyde)was added to 0.5 ml of each supernatant. Fragmented 
DNA and intact DNAwere incubated at room temperature overnight. The amounts of fragmented DNA and 
intact DNA were determined calorimetrically at 600 nm absorbance. The absorbance of low molecular weight 
DNA versus total DNA in each sample was expressed as a relative ratio [23] 
 
Statistical Analysis:  
 Data were analyzed statistically using one ways analysis of variane (ANOVA), least significant difference 
(LSD) and correlation coefficient (LSD) and correlation coefficient (square root) as described by Richard [24]. 
Statistical analysis was performed using MS excel XP software.  
 

RESULTS AND DISCUSSION 
 
Structural and numerical chromosomal aberration (Bone marrow):  
 Table (1): showed the frequencies of structural and numerical chromosomal aberrations in mice bone 
marrow cells of control (N-diet) and treated groups with different fed diet with poultry litter groupsP1L,P2L,P3L 
the frequencies chromosomal aberration of all groups were significantly higher (P<0.05) compared those in 
control group (N-diet).  
 The results revealed that groupsP1LV,P2LV,P3LV of animals fed with P diet plus vinasse in different 
percentages showed statistical significant (P<0.05) decrease in all types of chromosomal aberrations (Structural 
and numerical) compared to those in groups fed poultry litter alone.   
 The results showed that the groups fed with PV (P1LV,P2LV, P3LV) diet statistical significant (P<0.05) 
decrease compared to groups fed wit Poultry litter (P1L,P2L,P3L). 
 
Table 1: Mean value ±S.E of different chromosomal aberration in Bone marrow of mice fed on poultry litter and vinasse.  

Treatment 
Group 

Structural chromosomal aberrations Total  
structural 

aberrations 

Numerical aberration Total 
Numerical 
aberration 

Chromatic 
gap 

chromosomal 
gap 

Chromatid 
break 

Deletion Fragmentation Endomtiosis N-1 N+1 

ND 0.40±024 0.00±0.00 0.00±0.00 0.20±0.20 0.00±0.00 0.00±0.00 0.60±0.40a 0.20±0.20 0.00±0.00 0.20±0.20a 
P1L 2.0±0.44 2.00±0.44 1.80±0.58 2.40±0.60 2.20±0.58 1.60±0.40 12.0±2.66E 2.40±0.50 2.60±0.50 5.0±0.94E 
P2L 2.80±0.37 2.60±-0.40 2.80±0.58 3.40±0.74 2.80±0.58 2.60±0.40 17.0±2.58F 2.60±0.40 4.80±0.58 5.40±0.81E 
P3L 2.20±0.20 7.80±0.37 3.20±0.20 3.40±0.24 3.40±0.40 3.20±0.48 23.20±1.06g 3.20±0.58 3.40±0.50 6.60±0.92F 

P1LV 1.60±0.24 1.20±0.20 1.60±0.40 1.80±0.37 1.60±0.40 1.40±0.24 9.20±1.59d 2.00±0.31 2.00±0..44 4.20±0.37d 
P2LV 1.00±0.44 1.20±0.58 1.60±0.81 1.40±0.67 1.40±0.67 1.20±0.58 7.80±3.72C 1.60±0.41 2.20±0.37 3.80±0.58C 
P3LV 0.80±0.20 1.00±0.44 0.60±0.40 0.40±0.24 0.60±0.40 2.20±0.20 3.60±0.24b 1.20±0.20 1.60±0.24 2.80±0.37b 

Each column has superscript (a, b, c, e, f) letters means significantly different (P< 0.05).  

 
Chromosome Examination in Spermatocytes cells:  
 The results of chromosomal aberrations induced in mice spermatocytes fed with P and vinasse diets in 
groups(P1L,P2L,P3L,P1LV,P2LV,P3LV) were tabulated. In Table (2): chromosome aberrations of spermatocytes 
cells showed as changing, X-y univalent, autosomal univalent. Mice fed with P (P1L,P2L,P3L) showed 
statistically significant high levels (P<0.05) of chromosome aberrations compared with control group. However, 
groups(P1LV,P2LV,P3LV)  which fed with P+vshowed statistically significant low frequency of chromosome 
aberrations when compared to above groups(P1L,P2L,P3L) (Table 2).  
 
Table 2: Mean percentage ±S.E of chromosomal aberrations in male mice spermatocytes cells after feeding on poultry litter and vinasse.  

Treat 
Number  of 
examined 

cells 

Structural aberration  Numerical aberration 
Total Numerical 

X-y univalent 
Autosomal 
univalent 

Chain Ring 
Total 

aberration 
N-1 N+1 

No % No % No % No % No % No % No % No % 
ND 250 0 0.0 1 0.4 1 0.4 0 0.0 2 0.8a 1 0.4 0 0.0 1 0.4a 
P1L 250 7 2.8 6 2.4 5 2.0 3 1.2 21 8.4E 11 4.4 8 3.2 19 7.6F 
P2L 250 8 3.2 5 2.0 7 2.8 6 2.4 26 10.4F 8 3.2 7 2.8 15 6.0E 
P3L 250 11 4.4 9 3.6 8 3.2 9 3.6 37 14.8g 17 6.8 9 3.6 26 10.4g 

P1LV 250 5 2.0 6 2.4 4 1.6 4 1.6 19 7.6d 6 2.4 5 2.0 11 4.4d 
P2LV 250 3 1.2 4 1.6 5 2.0 2 0.8 14 5.6C 5 2.0 3 1.2 8 3.2C 
P3LV 250 3 1.2 2 0.8 2 0.8 1 0.4 8 3.2b 3 1.2 1 0.4 4 1.6B 

Ech column have superscript (a,b,c,e,f) letters mean significantly different (P< 0.05).  

 
Micronucleus assay:  
 Table (3) showed the formation of micronucleated polychromatic erythrocytes (MnPCEs) in male mice 
treated with PL and PL+v.  
 As shown in Table (3), the frequencies of micronuclei were significant higher (P<0.05) in all treated group 
fed with PL diet group(P1L,P2L,P3L)  compared with control group and with animals treated with PL+v 
groups(P1LV,P2LV,P3LV)  while groups fed with PL+vshowed significantly lower (P<0.05) micronuclei 
formation compared with PL diet groups.  
 
Assessment of DNA damage using comet Assy: 
 Table (4) showed visual score of DNA damage in male mice fed with N-diet and (PL), (PLV) using comet 
assay.  
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 The results in Table 4 revealed the effect of PL and PL+v diet on DNA damage. The results revealed that 
the (PL) diet had positive effect on the DNA structure, where the rate of DNA damage in groups (P1L,P2L,P3L)  
increased in mice compared to control group (N-diet). This damage of DNA decreased when animals fed with 
(PL+v) in groups (P2LV,P3LV). 
 
DNA fragmentation:  
 Table (5) showed DNA fragmentation of mice liver treated with PL and PL+v diet. 
 In Table (5), the results revealed that there were high frequent values (P<0.05) of DNA fragmentation in 
both mice treated with PL-diet and PL+v diets comparing to control (group N-diet). However, the mice fed 
withPL+v diet exhibited low frequency (P<0.05) of DNA fragmentation comparing to mice fed with PL diet 
alone.  
 
Biochemical Results:  
 The present results involved MDA, AST, ALT and ALPlevels in blood serum fed diets contained PL and 
/or vinasse. 
 
Malondildehyde level:  
 Table (6) illustrated the effect of different diet on lipid peroxidation in liver tissues of mice (MDA).  
The present results showed that the level of MDAwas highly raised in mice fed basal diet supplemented with 
(PL) groups (P1L,P2L,P3L) as compared to those found in mice fed basal diet only (control group).  
Also, the mice fed with (PL+v), the level of MDA raised in mice comparing to control group, however the level 
of MDA significant decreased (P<0.05) in mice fed with (PL) comparing to those fed with (PL+v).So, the 
treatment with (PL+v) was more effective in decreasing (P<0.05) the level of MDA than the treatment with (PL) 
 
Table 3: Formation of Micronucleated polychromatic erythrocytes (MnPCEs) in Male mice fed on poultry litter and vinasse.  

  Mn PCEs/2000 PCE 
Treatment PCE screened Number Mean + SD 

ND 2000 

3 
9 
7 
6 
3 

 
5.60 ± 2.60 a 

P1L 2000 

23 
25 
23 
23 
24 

 
23.6±0.91e 

P2L 2000 

26 
26 
25 
25 
29 

 
 

26.20±1.64f 

P3L 2000 

33 
33 
30 
30 
31 

 
 

31.40±1.51g 

P1LV 2000 

17 
17 
18 
18 
20 

 
 

18.0±1.22d 

P2LV 2000 

14 
14 
15 
15 
16 

 
 

14.80±0.83c 

P3LV 2000 

12 
12 
11 
11 
13 

 
 

11.80±0.83b 

Data were expressed as mean ±S.D. Superscripts (a,b,c,e,f) letter means significantly different (P<0.05).  

 
Effect of PLand PL+v diets on ALT, AST, ALP activities in male mice:  
 The data in table (6) represented the effect of PL and PL+v fed on serum ALP, AST and ALT. The results 
revealed that mice fed with PL and PL+v produced significantly increase (P< 0.05) in ALP, AST, and ALT 
levels in comparison with control group (N-diet) or basal diet), while mice fed with PL+vwere significantly 
decreased (P<0.05) the ALP, AST and ALT activities comparing to mice fed with PL alonegroup (P1L,P2L,P3L) 
 Although no documented toxic effect of poultry litter on animals has been reported, copper residues were 
found in the poultry litter diets. In addition, copper toxicity has been documented in sheep fed broiler litter. In 
fact, it has been reported that experiments in beef females fed diets containing high levels of litter with high 
copper levels was documented.  Liver copper was increased in the cows fed poultry litter [1]. In agreement with 
these findings, our results found that feeding of male mice on diets containing different concentrations of 
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poultry litter increased the genetic and biochemical toxicity in which the level of toxicity increased with the 
increasing the concentrations of poultry litter in the diets.  
 
Table 4: Visual score of DNA damage in male mice fed on poultry litter and vinasse using comet assay.  

Treatment 
Number of 

animals 
No. of cells Class (Range) DNA damaged 

cells (%) Analyzed Total 0 1 2 3 
ND 5 500 17 483 14 3 0 3.4 
P1L 5 500 56. 444 30 15 11 11.2 
P2L 5 500 63 437 32 17 14 12.6 
P3L 5 500 84 416 35 27 22 16.8 

P1LV 5 500 44 456 18 15 11 8.8 
P2LV 5 500 36 464 15 12 9 7.2 
P3LV 5 500 26 474 10 9 7 5.2 

 Class O= No tail 1= tail length < diameter of nucleus; 2=Tail length between 1X and 2X the diameter of nucleus and 3=tail length > 
2X the diameter of nucleus. (*): No of cells analyzed were 100 per an animal.  
 
Table 5: DNA fragmentation of liver tissues of mice fed on poultry litter and vinasse.  

Treatment DNA Fragmentions 
Malondialdehyde MDA (mal/g tissues) 

(M±SE) 
ND 7.25±0.33a 1.22±0.22a 
P1L 29.11±0.52E 36.39±0.59E 
P2L 39.84±0.62F 46.15±0.66F 
P3L 48.24±0.85g 55.64±0.53g 

P1LV 20.57±0.23d 26.11±0.46d 
P2LV 17.09±071C 19.42±0.51C 
P3LV 12.91±0.47b 13.91 ±0.46b 

Data were expressed as mean ±S.E. Superscripts (a,b,c,d,e,f) mean with different letter are significantly different (P< 0.05).  
 
Table 6: Biochemical analysis of some parameters of blood serum of male mice fed on poultry litter and vinasse.  

Treatment AST (U/L) ALT (U/L) ALP (U/L) 
ND 33.44±0.63a 23.93±0.49a 126.97±0.56 a 
P1L 51.28±0.30E 52.22v0.35E 170.24±0.61E 
P2L 75.57±0.65F 64.04±0.58F 180.32±0.68F 
P3L 84.46±0.46g 71.22±0.60g 217.69±0.57g 

P1LV 47.33±0.69d 44.86±0.42d 161.74±0.61d 
P2LV 42.82±0.39C 41.98±1.12C 152.82± 0.39C 
P3LV 36.91±0.46b 35.84±0.41b 146.90±0.46b 

Data were expressed as mean ±S.E. Superscripts (a,b,c,d,e,f) mean with different letter are significantly different (P< 0.05).  
 
 Moreover, Prá et al. [25] reported that females mice exposed to copper showed more genotoxicitythan iron 
exposure. Copper induced the highest mutagenicity as evaluated by the MN test and comet assay. In addition, 
treatment with copper induced a significant increase in the hepatic level of the respective metal, reflecting 
different excretion strategies. 
 Lack of specific information makes it difficult to reach firm conclusions about the hazards of dietary metals 
[26], especially for copper, which is among the most important. Copper (Cu) is an essential trace element found 
in small amounts in a variety of cells and tissues, with the highest concentrations in the liver [27]. It functions as 
a cofactor and is required for structural and catalytic properties of a variety of important enzymes and hormones 
[28]. The accumulation of large amounts of copper in cells and organs can be toxic. The toxicity of copper has 
been linked with reactive oxygen species (ROS) whose formation is catalyzed by free copper ions (or certain 
complexes) that can occur when the ability of the cells to store excess copper in a benign form has been 
exceeded [29]. Copper acts as a catalyst in the formation of ROS and catalyzes the peroxidation of membrane 
lipids; it is known to be as effective or even more effective than iron in causing DNA damage, protein or peptide 
modification and oxidation of low-density lipoproteins [30]. In the same line of these observations, feeding of 
mice with poultry litter increased the peroxidation of lipids which probably due to copper existing in this diet. 
This action might be attributed to the generation of ROS in the mice fed on poultry litter. 
 On the other hand, the present study revealed that the administration of vinasse to poultry litter- containing 
diet improved the adverse effect of poultry litter on mice health. The positive effects of vinasse might be due to 
its contained on yeasts, minerals, vitamins and organic acids these compounds were found to be strong 
antioxidants [12] and have ability to produce biological enzymes that interact with the toxicant [31]. 
 It was also reported that yeast has been known to alter stress in animals by providing a source of vitamins, 
enzymes and growth protein for reducing stress, and to enhance the biological value of nitrogen compounds 
along the digestive tract [32]. 
 Moreover, the polysaccharides, beta-gleans and manna type in the cell wall of yeast can exclusion of 
pathogens at digestive scale of the chicken [14].  
 On the other hand, the present results showed that the vinasse was able to improve the genetic alternations 
induced by copper in the poultry litter in the male mice tissues. Where, the rate of chromosomal aberration, MN 
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formation and DNA fragmentation in male mice were decreased. To our knowledge, the use of vinasse as protective 
compound against the genetic toxicity induced by poultry litter has not been discussed previously. 
 The protective activity of vinasse is considered to be as an antioxidant agents, that interrupts the free radical – initial 
chain reaction of oxidation or scavenge and disable free radicals (ROS) and reduced DNA oxidative damage leading to 
genomic stability which include expression of animal genes [33].  
 
Conclusion: 
 The results of the present study showed significant genotoxicity and biochemical alterations of poultry litter 
especially at the high concentration investigated. These negative actions could be attributed to ROS generation 
which may be resulting from toxicity effect of copper existing in the poultry litter.Also, the present study 
indicated revealed protective effects of vinasse against the harmful effects of poultry litter in mice diet. This 
protective action of vinasse could be attributed to its role against ROS generation. 
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