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Barley and Sage Protect Against Acrylamide-induced Genotoxic, 
Biochemical and Histopathological Alterations in Male Rats  

Abdel-Wahhab, M. A.1; Abd El-Aziem, S. H.2; Mahmoud A. M3; Mahrous, K. F.2, and Naguib, K.1
1Department of Food Toxicology & Contaminants and 2Department of Cell Biology, National Research 

Centre, Dokki, Cairo, Egypt. 
 3Department of Pathology. Faculty of Vet. Med. Cairo Univ. Giza, Egypt 

 
Abstract: Acrylamide (ACR) has recently been found in fried and backed foods, suggesting widespread 
public exposure. ACR is an industrial chemical that causes neurotoxicity in humans and was designated as a 
probable human carcinogen by the International Agency for Research on Cancer (IARC) and the United 
States Environmental Protection Agency (USEPA). The aim of the present study was to evaluate the 
protective effects of barley and sage against ACR mutagenicity, biochemical and histological changes in rats. 
Forty mature male rats were divided into eight groups and were fed barley and/or sage-supplemented diet 
(5%) with or without ACR (50 mg/kg b.w). The results revealed that ACR increased ALT, AST, 
triglycerides, cholesterol, uric acid, micronucleated polychromatic erythrocytes and chromosomal aberrations 
in somatic and germ cells. Severe histological lesions were found in kidneys and testes of ACR-treated 
animals. Cotreatment with barley and/or Sage and ACR resulted in a significant improvement in all the 
parameters tested. It could be concluded that these plants contain antioxidant compounds and may be useful 
when used as food additives to foods cooked at high temperatures.  
 
Key words: Acrylamide, Barley, Sage, Chromosomal aberrations, Liver, Kidney, Testis, Genotoxic, 

Biochemical, Histopathological. 

INTRODUCTION 
Formation of the carcinogenic compound, acrylamide (ACR), in heat-processed foods such 
as crisps and French Fried was discovered by Tareke et al. (2002). Since then ACR has 
been found in a range of cooked and heat-processed foods in many countries, including 
Netherlands, Norway, Switzerland, United States and United Kingdom (Shelby, 2004). 
Human exposure to ACR comes through the consumption of heat-cooked food such as 
potato crisps, chips, cocktail snacks and gingerbread. Chronic exposure to ACR has been 
associated with increased incidence of mesothelioma, cancer of central nervous system, 
thyroid and other endocrine glands, mammary glands and reproductive tracts in rats 
(Johnson et al., 1986). ACR is regarded as a potential mutagen based on experimental 
evidence that it can bind to DNA (Sega, 1990). ACR undergoes biotransformation by 
conjugation with glutathione (Miller et al., 1982) or reduction by microsomal cytochrome 
P-450 (Anzenbacher and Anzenbacherova, 2001). The major metabolite of ACR, 
glycidamide, is an epoxide that may be more critical for carcinogenic and genotoxic 
properties in animals than the parent compound (Bjellaas et al., 2007).  

Exposure of hamsters to ACR caused testicular atrophy with damage to spermatids 
and mature spermatozoa (Sakamoto et al., 1988). Reduced sperm motility and impaired 
fertility have also been reported in treated mice and rats (Zenick et al., 1986). ACR caused 
chromosomal aberrations in mammalian cells in vitro and in vivo (Backer et al., 1989, 
Collins et al., 1992). Micronuclei were found in mouse bone-marrow cells and splenocytes 
following exposure to ACR (Collins et al., 1992). ACR induced pathological lesions in 
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different body organs including variety of tumors in rats and mice (U.S.EPA, 1994; 
ACGIH, 1991). In human, inadequate evidence is available from human studies regarding 
the tumor formation by acrylamide.  

Previous studies indicated that the leaves of sage (Salvia officinalis L.) are well 
known for their anti-oxidative properties (Baricevic et al., 1996) and are used in the food 
processing industry. They are applicable also to the area of human health (Pearson et al., 
1997). The plant is reported to have a wide range of biological activities, such as anti-
bacterial, fungistatic, virustatic, astringent, eupeptic and anti-hydrotic effects (Dobrynin et 
al., 1976, Cherevaty et al., 1980). Experimental studies on sage extracts or sage essential 
oil showed hypotensive properties, central nervous system-depressant actions and anti-
spasmodic activity (Newall et al., 1996). Moreover, the antimutagenic potential of sage 
extracts was demonstrated on Escherichia coli repair proficient strains (Baricevic et al., 
1996; Filipic and Baricevic 1997, 1998).  

Barley (Hordeum vulgare L.) grains are relatively rich in dietary fibers such as β-
glucan, arabinoxylans and cellulose. The consumption of β -glucan-rich diet results in 
several beneficial physiological effects due to a relatively high concentration, soluble state 
and high molecular weight of this polysaccharide (Dongowski, et al., 2002). The 
extractability and viscosity of β-glucan are both influenced by the technologic conditions 
in the gastrointestinal tract (Robertson, et al., 1997, Johansen, et al., 1993). Generally, the 
previous studies concluded that dietary fiber-rich barley-containing diets have beneficial 
physiological effects. So, the aim of the present study was to evaluate the protective effects 
of barley and sage against ACR-induced toxicity, mutagenicity, biochemical and 
histological changes in rats. 
 

MATERIALS AND METHODS 
Acrylamide 

Acrylamide (>99%) NH2-C=O-CH-CH2 was purchased from Merck-Schuchardt 
Chemical Co. (Hohenbrunn, Germany). 
Kits: Transaminases (ALT and AST) were purchased from Randex Laboratories (San 
Francisco, CA, USA). Cholesterol, triglycerides and uric acid were obtained from 
Biomerieux, Laboratory of Reagents and Products (Marcy Létoile, France). 
Plants 

Barley (Hordeum vulgare L) was purchased from a local market in Cairo, Egypt. 
Whereas, Sage (Salvia officinalis) was supplied by the Department of Crop Production, 
Faculty of Agriculture, Ain-Shams University. 
Animal and Treatments 
Experimental Animals: Ten-week-old, adult male Sprague-Dawley rats weighing 180-
200 g (purchased from Animal House Colony, Giza, Egypt) were maintained on standard 
lab diet (Protein: 16.04%; Fat: 3.63%; Fiber: 4.1%, and metabolic energy: 0.012 MJ) and 
water ad libitum at the Animal House Lab., National Research Center, Dokki, Cairo, 
Egypt. Animals were housed in stainless steel cages housed in a temperature-controlled (23 
±1°C) and artificially illuminated (12 hr dark/light cycle) room free from any source of 
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chemical contamination. All animals received humane care in compliance with the 
guidelines of the Animal Care and Use Committee of National Research Center, Egypt. 
Experimental Design: After an acclimation period of one week, animals were divided 
into eight groups (5 rats/group). Groups 1-4 were maintained on barley meal only for three 
months, whereas groups 5-8 were maintained on the standard lab diet for the same period. 
At the end of the 3rd month, animals were treated for five days as follows: group (1) 
control, group (2) treated orally with ACR (50 mg/kg b.w), group (3) maintained on ad lib 
barley meal, group (4) maintained on barley meal and treated orally with ACR, group (5) 
maintained on standard lab diet supplemented with 5% dried sage leaves, group (6) 
maintained on lab diet supplemented with dried sage leaves and treated orally with ACR, 
group (7)  maintained on barley meal supplemented with 5%  dried  sage leaves, and  
group (8) maintained on barley meal supplemented with sage leaves and treated orally with 
ACR. 

At the end of the experiment period, blood samples were collected from the retro-
orbital venous plexus under diethyl ether anesthesia. Blood samples were left to clot and 
the sera were separated using cooling centrifugation and stored at –20°C until analysis. The 
levels of ALT and AST were determined according to Henry et al., (1974). Cholesterol was 
determined in serum according to Charles and Richmond (1974), triglycerides was 
determined in serum according to Wahlefeld, (1974) and uric acid was determined in 
serum according to Haisman and Muller (1977). Then animals were injected 
intraperitonealy (i.p) with 0.1 ml of 0.5% of colchicines 3 h before sacrifice. The femora 
and testis were removed from all animals and prepared for the micronucleus and 
chromosomes studies as follow: 
Micronucleus analysis: Slides were prepared according to Salamone et al. (1980). The 
bone marrow cells were mixed with one drop of fetal calf serum and smeared on clean 
glass slides. The slides were air dried and fixed in methyl alcohol for 5 min, then stained 
with 5% Giemsa and mounted with DPX. Two thousands PCEs/animal were recorded. 
Chromosomal analysis: The bone marrow was prepared, stained and scored according to 
Preston et al. (1987). To study the effects of different treatments on the mitotic activity of 
the bone marrow, 100 cells per animal were counted and the number of dividing cells 
including prophases and metaphases were scored. The testes of the same animals were 
removed and slides were prepared according to the method adopted by Russo (2000). 
Seventy-five metaphase spreads were examined in spermatocytes. 
Histological examination 

Samples of testes and kidneys were collected from each animal within each 
treatment group immediately after scarification and fixed in 10% neutral buffered formalin. 
Tissue specimens were processed routinely for paraffin sections of 4-5 micron thickness, 
stained with Hematoxylin and Eosin (H&E) according to Bancroft et al. (1996). Crystal 
violet-eosin stain was used to determine the normal and abnormal spermatozoa in the testis 
(Deeb, 1979). 
Statistical analysis 

All data for biochemical analysis were statistically analyzed using the General 
Linear Model Procedure of the Statistical Analysis System (SAS, 1982). The significance 
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of the differences among treatment groups was determined by Waller-Duncan k-ratio 
(Waller and Duncan, 1969). All statements of significance were based on probability of 
P≤0.05. For micronucleus test and chromosomal aberration study, the comparison of 
reliability analysis (F-test) was applied (Snedecor and Cochran, 1961). 
 

RESULTS AND DISCUSION 

Biochemical Study 
Results of the biochemical analysis (Table 1) revealed that treatment with ACR 

alone caused a significant increase in the values of all tested parameters compared to all 
other groups. Treatment with ACR plus Sage resulted in a significant improvement 
(decrease) in all tested parameters compared to the ACR-treated group. However, the 
values of all tested parameters (except for ALT) were still significantly higher than those 
of the control and Sage groups. ACR plus barley treatment caused a significant 
improvement  in all tested parameters  compared to the ACR-treated group.  However, 
AST and uric acid values were still higher than those of the control and barley groups 
(Table 1). 

The best significant improvement in the values of all tested parameters was seen in 
the ACR plus barley and sage group compared to those of the control and barley plus sage 
groups. Barley and/or sage significantly decreased (improved) TG, cholesterol and uric 
acid levels compared to the control group. Moreover, sage and sage plus barley 
significantly lowered ALT values compared to the control group (Table 1). 
 
Table 1. Effect of ACR with or without barley or sage on serum biochemical 

parameters in rats  

 
* (means ± SE) Within each raw, means superscript with the same letter are not 

significantly different (P≤ 0.05). 
 

Treatments 
 
Parameters 

Control ACR Barley Sage Barley 
+ Sage 

ACR  
+ Sage 

ACR 
+
Barley 

ACR 
+ Barley 
+ Sage 

ALT 
(U/L) 

36.52a*
± 0.85 

46.99c

± 1.53 
36.84a

± 0.68 
33.65b

± 0.68 
34.28b

± 1.29 
34.03b

± 0.75 
36.33a

± 0.61 
31.24d

± 0.95 
AST 
(U/L) 

42.17a

± 0.79 
56.50c

± 1.18 
43.33b

± 0.88 
41.08a

± 1.02 
41.62a

± 0.75 
45.33b

± 1.05 
44.67b

± 1.33 
41.57a

± 0.79 
TG 

(mg/dl) 
55.00a

± 1.41 
71.50c

± 1.41 
43.17b

± 1.08 
42.83b

± 1.35 
39.67b

± 0.67 
62.17d

± 1.99 
58.67ad 
± 1.05 

56.17a

± 1.30 
Cholesterol 

(mg/l) 
68.00a

± 1.41 
91.67c

± 1.82 
56.00b

± 1.15 
57.50b

± 1.43 
54.17b

± 1.17 
71.83d

± 1.40 
69.83ad 
± 2.09 

67.00a

± 0.97 
Uric Acid 
(mg/dl) 

0.47a

± 0.02 
0.94c

± 0.02 
0.36b

± 0.01 
0.38b

± 0.01 
0.34b

± 0.01 
0.66d

± 0.01 
0.64d

± 0.02 
0.61d

± 0.02 
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Micronucleus study 
Data presented in Table (2) show that treatment with ACR alone significantly 

increased the mean values of micronuclei (mono- and binuclei) in PCEs of bone marrow 
compared to all other groups. Furthermore, treatment with ACR plus barley significantly 
decreased the mean values of micronuclei in PCEs of bone marrow compared to the 
control and barley groups. However, treatment with ACR plus sage significantly decreased 
the mean value of micronuclei in these cells compared to ACR-treated group, but this value 
still significantly higher than that of the control group (Table 2). The best significant 
improvement in the reduction of micronuclei formation was seen in the ACR plus barley 
and sage group compared to the control group (Table 2). 
 
Table 2. The mean value of micronuclei detected in polychromatic erythrocytes of 

bone marrow cells in ACR-treated rats with or without barley and/or sage. 
 

Treatment 
 

Parameters 

control ACR barley ACR+ 
barley 

Sage ACR+ 
Sage 

Sage+ 
barley 

ACR+ 
Sage 
+ barley 

Mononuclear 1.0 ± 
0.41 

13.29 ± 
0.29*** 

1.75 ± 
0.85 

4.5 ± 
0.86 

2.5 ± 
1.04 

9.25 ± 
1.11** 

1.5 ± 
0.65 

3.25 ± 
0.25 

Binuclei ------ 1.0 ± 
0.41 

----- 0.25 ± 
0.25 

----- 0.5 ± 
0.29 

----- ----- 

Inhibition %    69.3%  35.42%  86.5 % 

** P ≤ 0.05, *** P ≤ 0.01 
 
Somatic cells 

There is a significant increase in the values of chromosomal aberrations (chromatid 
and chromosomal gaps, deletions and end to end associations, chromatid and chromosomal 
breaks and fragments) in ACR-treated group compared to all other groups (Table 3). 
Treatment with ACR plus barley caused a significant improvement in the mean values of 
all tested parameters compared to the ACR-treated group. However, such values are still 
significantly higher than those of the control and barley groups. Treatment with ACR plus 
sage significantly improved the mean values of all tested parameters compared to the 
ACR-treated group. However, such values are still significantly higher than those of the 
control and sage groups (Table 3). ACR plus barley treatment is better than ACR plus sage 
in the reduction of the mean values of all tested parameters. However, the best reduction in 
chromosomal aberration was seen in the ACR plus barley and sage group as compared 
with the control, barley plus sage and ACR plus sage groups (Table 3). 
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Table 3. Mean value of different chromosomal aberrations in bone marrow of rats 
treated with ACR alone or plus barley and/or sage (M ± SE). 

 
Treatment 

 
Parameters 

control ACR barley ACR+ 
barley 

Sage ACR+ 
Sage 

Sage+ 
barley 

ACR+ 
Sage+ 
barley  

Total aberrations 1.0 ± 
0.41 

40.3 ± 
1.8** 

2.75 ± 
0.47 

18.0 ± 
0.71*

4.0 ± 
0.91 

27 ± 
0.41** 

3.25 ± 
0.63 

17.0 ± 
4.4*

Total  structure 
aberrations 

0.75 ± 
0.25 

32.75 ± 
1.31**

2.2 ± 
0.48 

12.25 ± 
2.25*

3.75 ± 
0.25 

23.25 ± 
1.75**

2.5 ± 
0.65 

13.75± 
2.1 

Total structure. 
Ex. Gap 

0.5 ± 
0.29 

25.25 ± 
1.31**

1.5 ± 
0.29 

10 ± 
2.01*

2.25 ± 
0.85 

19 ± 
1.47**

1.5 ± 
0.87 

10.5 ± 
1.9*

Gap 0.25 ± 
0.05 

7.5 ± 
0.64** 

0.75 ± 
0.25 

2.5 ± 
1.04 

1.0 ± 
0.41 

4.25 ± 
63*

1.0 ± 
0.41 

3.75 ± 
1.25 

Chromos. Gap ____ 4.25 ± 
0.75** 

-- 2.5 ± 
0.96 

0.5 ± 
0.29 

2.75 ± 
0.25*

0.25 ± 
0.05 

1.75 ± 
0.63 

Breaks 0.25 ± 
0.05 

5.50 ± 
0.65** 

0.5 ± 
0.29 

2.75 ± 
0.48 

0.75 ± 
0.29 

3.75 ± 
0.93*

0.75 ± 
0.25 

2.25 ± 
0.75 

Chromos. Breaks -- 4.5 ± 
0.29** 

0.25 ± 
0.05 

2.25 ± 
0.49*

0.5 ± 
0.29 

3.5 ± 
0.64*

0.25 ± 
0.05 

1.5 ± 
0.65 

Deletions -- 4.0 ± 
0.41**

-- 1.5 ± 
0.65 

0.5 ± 
0.29 

3.75 ± 
0.85*

0.25 ± 
0.05 

2.25 ± 
0.85 

Fragments -- 4.0 ± 
0.41** 

-- 1.5 ± 
0.65 

0.5 ± 
0.29 

3.75 ± 
0.85*

0.25 ± 
0.05 

2.25 ± 
0.85 

E .E 0.25 ± 
0.05 

3.25 ± 
0.48** 

-- 1.0 ± 
0.58 

0.5 ± 
0.29 

2.0 ± 
0.91 

0.25 ± 
0.15 

0.75 ± 
0.29 

Polyploidy 0.25 ± 
0.05 

7.5 ± 
0.29** 

0.5 ± 
0.29 

3.0 ± 
0.41*

0.75 ± 
0.25 

3.75 ± 
0.85*

0.75 ± 
0.25 

3.25 ± 
0.48 

E.E= end to end associations Total struct. Ex. gap = Total structural excluding gaps,  
* P ≤ 0.05, * * P ≤ 0.01. 
 
Spermatocytes 

Data presented in Table (4) indicate that there is a significant increase in the mean 
values of total structural aberrations in the ACR-treated group compared to all other 
groups. The main types of abnormalities observed were chain, autosomal univalent, X-Y 
univalent and polyploidy. Treatment with ACR plus barley significantly decreased the 
mean values of all tested parameters compared to the ACR-treated group. However, the 
mean value of total chromosomal aberrations still higher than those of the control and 
barley groups. Treatment with ACR plus sage decreased the mean values of all tested 
parameters but such values were significantly higher than those of the control and other 
groups. However, such treatment significantly decreased the mean value of polyploidy 
compared to the control, barley, sage and barley plus sage groups. The best improvement 
in the mean values of all tested parameters was seen with ACR plus barley and sage group 
compared to all other groups (Table 4). 
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Table 4. Mean values of different aberrations in spematocytes of rats treated with 
ACR alone or plus barley and/or sage (M ± SE). 

 
Auto = autosomal univalents X-Y = x-y univalents. * P ≤ 0.05, ** P ≤ 0.01 
 
Histological results 

The histological examination of the testis of animal treated with ACR alone 
revealed severe pathological lesions in the testicular tissues. The lumen of the seminiferous 
tubules contained a large number of residual bodies. Some of the seminiferous tubules 
were completely devoid of mature sperms while others contained few numbers. Necrotic 
spermatocytes with chromatolysis were also noticed. The most common testicular lesion in 
this group was the presence of varied number of spermatid giant cells. Some of the 
seminiferous tubules appeared with single giant cell with foamy cytoplasm while others 
were impacted with 3-6 spermatid giant cells. The nuclei of these cells ranged from 2-5 
nuclei. Interstitial oedema was also observed in the testis with spermatid giant cells. 
Testicular lesions were less in animals treated with barley plus ACR. The seminiferous 
tubules appeared impacted with mature spermatocytes. Seminiferous tubules in animals fed 
sage supplemented diet and treated with ACR contained low number of mature and normal 
spermatocytes. 

Kidneys of ACR-treated group showed mild degenerative changes with shrunken 
glomerular capillary tufts. Animals fed barley and/or sage supplemented diet were 
comparable to the controls and showed no obvious pathological lesions in testes and 
kidneys. Kidneys of both groups that received ACR appeared normal. 
Discussion  

ACR has recently been found in fried and baked foods, suggesting a widespread 
public exposure (Erdreich and Friedman, 2004). Toxicity of ACR to human and 
experimental animals were reported by many workers (Van Landingham et al., 2004, 
LoPachin, 2004, Mucci et al., 2004, Ruden, 2004, Mannaa et al., 2006, Zodl et al., 2007). 
These bad effects promoted us to investigate the protective action of barley and sage 
against ACR-induced toxicity in rats. The selected dose of ACR was literature based 

Treatment 
 

Parameters 

control ACR barley ACR+ 
barley 

Sage ACR+ 
Sage 

Sage+ 
barley 

ACR+ 
Sage + 
barley 

Chain 0.0± 
0.0 

3.75 
±0.63** 

0.25 
± 0.25 

1.25 
± 0.48*

0.5 
± 0.29 

2.25 
± 0.48*

0.25 
± 0.25 

0.75 
± 0.48 

Auto 0.25 
± 0.25 

4.0 
± 0.42** 

0.75 
± 0.48 

1.5 
± 0.65 

0.75 
± 0.25 

3.0 
± 0.41* 

0.75 
± 0.25 

1.0 
± 0.71 

X-Y 0.75 
± 0.25 

5.0 ± 
0.71** 

1.0 
± 0.41 

2.5 
± 0.87 

1.25 ± 
0.48 

3.5 
± 0.96*

0.75 
± 0.25 

2.25 
± 1.0 

Total 1.25 
± 0.25 

13.0 ± 
0.71***

2.75 
± 0.95 

5.25 
± 1.03*

2.25 
± 0.48 

9.0 
± 0.91**

1.5 
± 0.65 

4.25 
± 0.95 

Ploidy 0.25 
± 0.25 

2.75 
± 0.48**

0.75 
± 0.48 

1.25 
± 0.69 

0.75 
± 0.25 

1.75 
± 0.25 

1.0 
± 0.41 

1.75 
± 0.63 
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(Lehning et al., 2002). Our results indicated that ACR is a potent toxicant to the liver as 
indicated by the high levels of the biochemical parameters tested. The activities of 
transaminases were increased in serum and this is in agreement with the finding of Awad et 
al. (1998) who reported that cell damage exhibited good correlation with the enzymes 
leakage. Hence, cellular damage caused by toxic substances is frequently accompanied by 
increasing in the cell membrane permeability. In the same concern, Yousef and El-
Demerdash (2006) reported that ACR exerted deterioration effects on enzyme activities 
and lipid peroxidation in a dose-dependent manner. 

The current study indicates that ACR induced micronuclei in the polychromatic 
erythrocytes and this finding is in agreement with many previous studies (Chihak and 
Vontorkova, 1990 and Dobrzynska and Gajewski, 2000). Significant increases in 
micronucleus frequency were also reported in reticulocytes and spleenic lymphocytes from 
mice i.p. injected with ACR (Russo et al. 1994). According to Jagerstad and Skog (2005), 
ACR induces gene mutation, structural chromosomal aberrations, sister chromatid 
exchange and mitotic disturbances in somatic and germ cells in vitro. ACR induces 
unscheduled DNA synthesis in rat spermatocytes in vivo but apparently not in rat 
hepatocytes and causes transformation in cultured mammalian cells (IARC, 1994; 
Dearfield et al., 1995). 

ACR treatment increased the total structural aberrations of spermatocytes. Similar 
to these observations, Yang et al. (2005) found reduced sperm concentration in cauda 
epididymis, as well as increased morphological abnormalities of sperm. These authors 
suggested that treatment with ACR decreased the viability of Leydig cells and lowered the 
testosterone level, which, in turn, reduced spermatogenesis in the rat testis. Moreover, 
ACR affects kinesin-based microtubule motility (Sickles et al., 1996) and dynein-based 
spermatid translocation in Sertoli cells (Miller et al., 1999). Based on these observations, 
Tyl and Friedman (2003) reported that the mechanisms of ACR toxicity are (1) 
acrylamide/glycidamide binding to spermatid protamines results in dominant lethality of 
gonadal cells, and affects sperm morphology; and (2) acrylamide binds to motor proteins 
(e.g. kinesin and dynein) causes distal axonopathy, and affects sperm motility. 

The histological examination reported in the current study revealed severe lesions 
typical to those reported previously (Rotter et al., 1993). Indeed, Gassner and Adler (1996) 
observed that ACR treatment caused cell cycle delay in the spermatocytes. The testicular 
lesions reported in the current study were similar to those reported by U.S EPA (2002) in 
animals treated with ACR. On the other hand, decreased number of mature sperms in the 
lumen of semeniferous tubules reported herein indicated that ACR induces impairment of 
spermatogenesis either by direct action on spermatogonia or indirectly by affecting the 
integrity of the sertoli cells. Sakamoto and Hashimoto (1988) found that, the decreased 
number of sperm count and spermatocytes were the main effects of ACR on testicular 
tissue. The histological changes in the kidney reported in the current study indicated that 
the kidney was affected by ACR treatment and supported the earlier finding reported by 
EU (2002). 

The protective effects of barley and sage have been documented previously 
(Dongowski et al., 2002; Perry et al., 2003; Lima et al., 2005). In the present study, 
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supplementation of the diet with either barley or sage to ACR-treated animals resulted in a 
significant improvement in the serum clinical chemistry. Several reports indicated that ß-
glucan in barley reduced blood cholesterol and lipoprotein concentrations in humans and 
animal (Kalra and Jood, 2001). The antioxidant properties of barley may be due to the 
higher total phenolics and proanthocyanidins contents (Liu and Yao, 2007) as well as the 
higher content of triacylglycerols which are primarily composed of palmitic, oleic, linoliec 
and linolenic acids (Ragaee.et al., 2006). Moreover, Deguchi et al. (2000) stated that the 
novel purple pigment hordeumin, an anthocyanin-tannin pigment in barley, decreased a 
reverse mutation. Generally, the protective effects of barley may be due to its higher 
content of phenolic compounds such as benzoic and cinnamic acid derivatives, 
proanthocyanidins, quinines, flavonols, chalcones, flavones, flavanones, and amino 
phenolic compounds (Hernanz et al., 2001). 

The current results revealed that sage succeeded to prevent the toxicity and 
mutagenicity of ACR which may be due to its composition of phenolic compounds 
(Baricevic and Bartol, 2000). Several reports indicated that sage exhibits strong antioxidant 
(Ozcan, 2003; Jaswir et al., 2005) and free radical scavenging activities (Cuvelier et al., 
1996; Shan et al., 2005) as well as having oxygen radical absorbance capacity (Zheng and 
Wang, 2001). Recently, Iuvone et al. (2006) reported that sage has neuroprotective effects 
which were attributed, at least in part, to rosmarinic acid. Another mechanism for the 
protective effects of sage may be due to the main phenolic constituents, rosmarinic acid 
and luteolin-7-glucoside. These compounds have previously shown to possess 
cytoprotective activities (Lima et al., 2006). Furthermore, the antioxidant effects at cellular 
level of sage prevent cell death, lipid peroxidation and GSH depletion. This protection 
seemed to be due mainly to their ability to prevent GSH depletion or probably to the 
induction of glutathione synthesis (Lima et al., 2007). 
 

CONCLUSION 

The present study revealed that ACR induced toxic, clastogenic, and histological 
alterations typically to those reported in the literature. Both barley and sage have a 
protective role against these deleterious effects possibly due to their higher contents of 
antioxidant substances which can modulate the metabolism of ACR resulting in the 
reduction of its toxicity and/or increase the GSH production by the target organs which are 
involved in the detoxification of ACR. These plants may be useful when added to certain 
foods cooked at high temperatures. 
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ABSTRACT: Guava (Psidum guajava L.) is an important subtropical fruit. It has a unique quince- and 
banana-like odor, and it is considered as excellent source of vitamin C. Like many fruits guava is produced 
seasonally, therefore, it is processed into puree during the season which is usually stored frozen, then, it is 
supplied to food companies for the production of many commodities such as jam, nectar and beverages, fruit 
blends. However, the frozen puree undergoes flavor and color deterioration during storage period. Thus, this 
work focuses on studying the effects of pre-freezing treatments and freezing storage periods on some physical 
and chemical properties of the frozen puree. Pre-freezing treatments include; i) pasteurization (85◦C for 2 
minutes), ii) pH modification, iii) EDTA addition, iv) EDTA plus Pasteurization, and v) Sucrose addition 
(30&45%). The obtained results indicated that pasteurization was the best treatment in maintaining the natural 
quality indices especially vitamin C retention and color stability (best lightness). Therefore, addition of EDTA 
in combination with enough pasteurization process was recommended to maintain the quality attributes of 
frozen guava puree during storage until consumed or processed into other products. 

INTRODUCTION 
Guava (Psidium guajava Linn) is an important fruit originated from tropical America and 
spread to all tropical countries (Brasil et al., 1995). Guava fruits have a characteristic odor 
and are eaten fresh or cooked, but they are principally used for the preparation of puree, jam, 
jellies, pastes and other similar products (EL-Zoghbi et al., 1992). 

Chemical composition and quality attributes of the fruits are among the major factors 
that affect overall acceptability of any prepared product. EL-Zorkani (1968) assayed vitamin 
C, sugars and acidity in guava fruits. Results obtained indicated that guava fruits contained 
26.4 mg/100g vitamin C, 4.21% reducing sugar, 1.53% sucrose, 5.74% total sugars and 
0.42% acidity as citric acid. However, other values were reported. Shanker (1976) found that 
the total acidity in the examined varieties ranged from 0.22 to 0.28%. Jawaheer et al. (2003) 
stated that ascorbic acid content ranged between 20.1 and 95.4 mg /100g. Higher values of 
the vitamin (more than 500 mg/100 g) were also reported (Lakshminaryana and Moreno-
Rivera, 1976; Ramma et al., 2003). The average total dietary fiber contents of guava as 
assessed using lyophilized and non-lyophilized samples were 10.50 ± 0.97 and 10.53 ± 
0.88%, respectively as reported by Barbosa-Guerra et al, (2004).  
 Guava puree is processed by processing plants and then frozen until supplied to the 
food company for manufacturing into various juice blends, but the frozen puree undergoes 
flavor and color deterioration during storage period. Brasil et al. (1995) studied the physical-
chemical changes during extraction of guava puree. At zero time of the experiment the 
chemical composition of guava pulp was 13.8 total soluble solids (˚Brix), 70.0 mg/100g 
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ascorbic acid, 0.61g/100g titratable acidity, 4.0 pH and 35.0 cps (viscosity). Asenjo et al 
(1968) and Menzel (1985) claimed that the degradation of ascorbic acid during storage may 
be responsible and is related to the browning of guava puree. Chyau et al. (1992) 
investigated the effects of heating and frozen storage conditions on quality of guava puree 
prepared from fully ripe guavas. Heated (88˚C, 24 seconds) guava showed changes in color 
and flavor compared with unheated samples. The pH, titratable acidity and color of guava 
puree changed continuously during storage at 0˚C. Changes in heated samples were less than 
unheated samples during storage at 0 and -10˚C. Both samples were stable when stored at -
20˚C. Organic acid and ascorbic acid levels in all samples gradually decreased during 
storage, with the exception of the heated sample stored at -20˚C. The authors concluded that 
heat treatment had a positive effect on quality of guava puree stored at 0 or –10˚C. 

Yen and Song (1998) studied the composition and characteristics of cloud in guava 
puree prepared at various heating temperatures [60-62 or 88-90°C for 30 s].  The cloud 
content in guava puree was initially 0.1% and increased greatly with increased heating 
temperature due to polymerization of components (i.e. pectin and protein) in the puree. 
Ahmad et al. (2000) examined effects of cane sugar addition at 5, 7.5 or 10% (weight basis) 
on shelf life of guava pulps, in term of chemical composition, ascorbic acid retention and 
sensory properties during storage at room temperature (11-25˚C) for up to 3 months. 
Samples containing 5% sugar rated best for color and flavor and showed improved ascorbic 
acid retention and overall acceptability compared with the higher level of sugar addition. 
Also, during storage TSS% and titratable acidity increased in all samples, whereas pH 
decreased. Harsimrat and Dhawan (2003) investigated effects of storage temperature of 
guava pulp on the quality of ready-to-serve guava beverage and found that highest sensory 
scores were obtained for beverages made from pulp preserved with 0.07% potassium 
metabisulphite and stored at freezing temperature (-18 to -20°C), followed by pulp preserved 
with 0.1% potassium metabisulphite and stored at 2-5°C. 

This work aimed at studying the effects of pre-freezing treatments and freezing 
storage periods on some physical and chemical characteristics of guava puree. 

MATERIALS AND METHODS 
Materials 

Guava (Psidium guajava L.) fruits, Banaty variety, in a ripe stage were obtained 
from certain farms in Domietta governorate during 2002 season. All chemicals used in this 
study were of Analysis grade. 
Methods 
Preparation of guava puree 

About 140 kg of guava fruits were thoroughly washed by tap water to remove 
adhering dirt. Then they were dried in air and cut into small parts and blended using a 
blender for 2 minutes using a Moulinex blender. The homogenate was strained by a stainless 
steel strainer to separate seeds and stored at 4 ºC for the next step. 
Treatments 

The prepared guava puree was divided into eight samples: 
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1-Control sample: The puree was untreated and taken as a control. 
2-Pasteurized puree sample: The puree was pasteurized at 85ºC for 2 minutes and then 

cooled quickly to 30ºC by cooled water at 4ºC. 
3-Modified pH puree sample: The pH of puree was adjusted to pH 4 by adding citric acid. 
4-Modified pH and pasteurized puree sample: The pH of this portion was adjusted to pH 

4.0 and then pasteurized as described above. 
5-EDTA treated puree sample: To this portion 150 ppm of EDTA (Ethylene Diamine 

Tetra acetic acid) was added to the puree to act as an antioxidant of vitamin C. 
6-EDTA treated and pasteurized puree sample: To the puree 150 ppm was added then 

pasteurized as mentioned before. 
7 and 8- TSS modified samples: In this treatment sucrose was added to reach 30 and 45 

%TSS. 
 Samples were immediately packaged in polyethylene pages and stored at –18ºC for 
8 months. During this storage period samples were analyzed at 0, 1, 2, 4 and 8 months. 
Proximate Analysis 
 Insoluble solids, total soluble solids (TSS), free amino nitrogen, pH, total titratable 
acidity and ascorbic acid contents of the fruit and drink samples were determined according 
to the methods of the AOAC (1990).  The total soluble solids content was measured using 
Abbe refractometer at 20ºC. 
Alcohol Insoluble Solids (AIS) 
 The method described by (Askar and Treptow, 1993) in which the precipitated 
residues in hot 80% ethanol were dried and weighed.                  
Color Index 
 Color index of all samples was determined by the method of meydov et al. (1977) as 
follows: the juice was centrifuged at 2000 rpm for 20 min. to precipitate the substances 
causing turbidity. The supernatant was then diluted with 95% ethyl alcohol (1:1) and filtered 
through a Whatman No. 42 filter paper to obtain a fully clarified extract. The absorbance of 
light of the extract was measured at a wave length of 420 nm. The blank was consisted of 
equal volumes of ethyl alcohol and distilled water. 
Color Assessment 
 Color attributes (L, a and b) were evaluated using a Minolta color Reader CR-10, 
Minolta Co. Ltd., Japan.). The L* value is a useful indicator of darkening during storage, 
either from oxidative browning reactions or increasing pigment concentrations .The a* value 
is a measure of redness. The b* value is highly correlated with carotenoids concentration in 
guava. The Hº is an angle in a color wheel 360, with 0, 90, 180, and 270 representing the 
hues red- purple, yellow, bluish- green and blue, respectively, while chroma is the intensity 
or purity of the hue. Together, L*, Hº and chroma give an accurate description of the color 
of a sample. 
Statistical Analysis 
 Analysis of variance (ANOVA) of the main effects and LSD values with a 
significance level of 5% were obtained using CoStat Statistical Software (CoHort Software, 
1996). 
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RESULTS AND DISCUSSION 
 
Effect of Pre-freezing Treatments and Frozen Storage on Chemical Composition 
Insoluble Solids 

The insoluble solids were calculated as the difference between the total soluble solids 
and the total solids determined by drying. As shown in Table 1, at zero time a slight increase 
was observed in the insoluble solids of treated samples as compared to the control, except 
the TSS modified samples which contained a lower amount due to the dilution effect of 
added sugars on pulp content. 

During storage of the frozen puree, a slight decrease in the insoluble solids was 
revealed in all treatments except in TSS modified (45%) sample which maintained its 
content over the entire storage period. The decrease in the insoluble solids of guava puree is 
probably due to the hydrolysis of polysaccharides by the residual enzyme activities in the 
samples. The presented results agree with the findings of El-Zoghby et al., (1992) who found 
that enzyme activity resulted in a decrease of the alcohol insoluble solids (AIS) in guava 
purees having in mind that the AIS constitute an important part of the insoluble solids. 

Table 1. Effect of pre-freezing treatments on insoluble solids (%) of guava puree 
during frozen storage at –18ºC. 

Treatment * Insoluble solids after storage period (month)
0 1 2 4 8

** Mean 

Control puree 5.04 5.04 5.04 4.84 4.84 4.95e

Pasteurized 5.24 5.24 5.24 5.24 5.04 5.19c

pH modified 5.26 5.26 5.26 5.26 5.06 5.21c

pH modified and pasteurized 5.63 5.63 5.63 5.63 5.43 5.58a

EDTA treated 5.10 5.10 5.10 4.90 4.90 5.07d

EDTA treated and pasteurized 5.45 5.45 5.45 5.25 5.25 5.36b

TSS modified (30%) 3.71 3.71 3.71 3.51 3.51 3.62f

TSS modified (45%) 2.61 2.61 2.61 2.61 2.61 2.61g

* Means of triplicates. 
** Means of treatments by Duncan's multiple range test, P≤0.05
a-g Means having different letters are significantly different at P≤0.05.

Total Soluble Solids (TSS) 
Table (2) shows that the TSS of guava puree did not vary among the studied 

treatments except the TSS modified treatment (45%). However, significant (p≤0.05)
variations were revealed among the treated stored samples as seen for the mean value of 
TSS. These results are in agreement with those of Pandes et al. (1993).
Free Amino Nitrogen 

The effect of studied treatments on free amino nitrogen (FAN) at zero time varied 
according to the treatment (Table 3). Due to the dilution of pulp by adding sugar. TSS 



Some Physical and Chemical Characteristics of Frozen Guava Puree as Affected ….. 

J. Saudi Soc. For Food and Nutrition., Vol. 3, No. 1 :2008 

21

modified sample showed a decrease in FAN. The EDTA treated purees showed an increase 
in FAN, but the content of the FAN in the pasteurized samples was unchanged. 

During storage, however, the pasteurized puree treatments (pH modified pasteurized 
puree, EDTA treated pasteurized puree and pasteurized puree) were the best in lowering the 
rate of increase. This treatment retarded the formation of FAN. This may be due to 
pasteurization effect, especially in combination with pH modification or EDTA creating an 
unsuitable medium for protein decomposition that produced FAN. Other treatments, 
however, showed an increase in FAN, but it is still lower than that of control sample which 
showed the highest rate of increase followed by TSS modified sample. 
 
Table 2. Effect of pre-freezing treatments on total soluble solids (TSS, ºBrix) of guava 

puree during frozen storage at –18ºC. 
Treatment * TSS after storage period (month) 

0 1 2 4 8
** Mean 

Control puree 8.0 8.0 8.0 8.2 8.2 7.97e

Pasteurized 8.2 8.2 8.2 8.2 8.4 8.25c

pH modified 7.8 7.8 7.8 7.8 8.0 7.82f

pH modified and pasteurized 8.0 8.0 8.0 8.0 8.0 8.04de 
EDTA treated 7.8 7.8 8.0 8.0 8.2 7.94e

EDTA treated and pasteurized 8.0 8.0 8.0 8.2 8.2 8.09d

TSS modified (30%) 30.4 30.4 30.4 30.6 30.6 30.48b

TSS modified (45%) 46.4 46.6 46.6 46.6 46.6 46.58a

* Means of triplicates. 
** Means of treatments by Duncan's multiple range test, P≤0.05 
a-f Means having different letters are significantly different at P≤0.05. 
 

Table 3. Effect of pre-freezing treatments on free amino nitrogen (mg/100g) of guava 
puree during frozen storage at –18ºC. 

Treatment * Free amino nitrogen after storage period (month)
0 1 2 4 8

** Mean 

Control puree 40.85 40.88 40.91 40.94 40.97 40.88b

Pasteurized 37.80 37.80 37.80 37.81 37.83 37.80d

pH modified 40.26 40.27 40.28 40.29 40.32 40.28c

pH modified and pasteurized 40.28 40.28 40.29 40.29 40.30 40.28c

EDTA treated 42.76 42.77 42.79 42.79 42.81 42.84a

EDTA treated and pasteurized 42.78 42.78 42.79 42.79 42.81 42.81a

TSS modified (30%) 35.01 35.02 35.03 35.05 35.07 34.92e

TSS modified (45%) 30.40 30.40 30.42 30.42 30.45 30.41f

* Means of triplicates. 
** Means of treatments by Duncan's multiple range test, P≤0.05 
a-f Means having different letters are significantly different at P≤0.05. 
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pH Value 
As shown in Table 4, at zero time slight changes in pH value was observed. In pH 

modified and pH modified pasteurized samples, higher decreases were recorded. During 
storage, however pH modified pasteurized puree showed the least decrease in pH followed 
by the control sample. Also, all treatments showed higher decreases in pH compared to the 
control sample. This effect may due to native pectic enzymes in pulp which released free 
carboxylic groups during storage. These results disagree with those of Chan and Cavaletto 
(1982) who studied the changes in aseptically guava puree during storage at 24-31ºC and 
found no significant changes in pH during storage for 6 months. 
 
Table 4. Effect of pre-freezing treatments on pH of guava puree during frozen storage 

at –18ºC. 
Treatment * pH after storage period (month) 

0 1 2 4 8
** Mean 

Control puree 4.70 4.68 4.67 4.64 4.61 4.66c

Pasteurized 4.73 4.68 4.64 4.56 4.44 3.97d

pH modified 4.00 3.96 3.94 3.88 3.78 4.00d

pH modified and pasteurized 4.00 3.97 3.93 3.88 3.93 4.60c

EDTA treated 4.69 4.65 4.60 4.54 4.43 4.58c 
EDTA treated and pasteurized 4.76 4.72 4.67 4.60 4.49 4.64bc 
TSS modified (30%) 4.84 4.79 4.74 4.66 4.65 4.73b

TSS modified (45%) 5.09 5.02 4.94 4.82 4.65 4.90a

* Means of triplicates. 
** Mean of treatments by Duncan's multiple range test, P≤0.05 
a-d Means having different letters are significantly different at P≤0.05. 

 
Acidity 

From the data presented in Table 5, the acidity of guava puree before storage varied 
according to treatment. While, acidity slightly increased in all treated samples, a noticeable 
decrease was shown in TSS modified samples. During storage, an increase (10-10.7%) was 
observed in the pasteurized puree. Also, acidity remarkably increased in the control and in 
TSS modified samples. This is due to the oxidation of sugar into sugar acids during 
storage. Pectic enzyme activity in the unheated samples may contribute to such increase. 
These results are similar to those of Baramanray et al. (1995) who evaluated guava 
(Psidium guajava) hybrids for making nectar and found that during storage there was an 
increase in titratable acidity. 
Vitamin C 
 It was observed from the data shown in Table 6 that at zero time pH modified and 
EDTA treated puree were the best treatments after the control sample. TSS modified 
samples were the worst treatments especially when sugar concentration increased.  
 During storage, ascorbic acid levels in all samples were gradually decreased. These 
findings agree with those of Yen et al. (1994) who studied the effects of heating process 
and freezing storage periods on changes in quality of guava puree and found that ascorbic 
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acid levels gradually decreased during storage at -20ºC for 6 months. The pasteurized 
samples, pH modified with or without pasteurization and EDTA treated puree samples 
were better compared to the untreated puree. The protection effect of EDTA may be due to 
its chelating effect preventing vitamin C oxidation, but this explanation is objected by 
Wang and Qin (2000) who studied the effects of natural antioxidants on vitamin C content 
in processed strawberries and found that addition of EDTA with 0.030% to puree of 
strawberries during processing (held for 60 min.) had no protection effect towards vitamin 
C.  
 
Table 5. Effect of pre-freezing treatments on acidity (as citric acid,%) of guava puree 

during frozen storage at –18ºC. 
Treatment * Acidity after storage period (month) 

0 1 2 4 8
** Mean 

Control puree 0.23 0.23 0.24 0.25 0.28 0.244 e 
Pasteurized 0.28 0..28 o.28 o.29 o.31 0.280 d 
pH modified 0.29 0.30 0.30 0.31 0.33 0.302 b 
pH modified and pasteurized 0.30 0.31 0.31 0.32 0.33 0.310 a 
EDTA treated 0.28 0.29 0.30 0.32 0.34 0.290 c 
EDTA treated and pasteurized 0.28 0.28 0.29 0.30 0.32 0.302 b 
TSS modified (30%) 0.19 0.20 0.20 0.22 0.24 0.206 f 
TSS modified (45%) 0.16 0.16 0.16 0.18 0.23 0.175g

* Means of triplicates. 
** Means of treatments by Duncan's multiple range test, P≤0.05 
a-g Means having different letters are significantly different at P≤0.05. 

 

Table 6. Effect of pre-freezing treatments on vitamin C (mg/100g) of guava puree 
during frozen storage at –18ºC. 

Treatment * Vitamin C after storage period, (month) 
0 1 2 4 8

** Mean

Control puree 80 68.2 56.4 45.5 11.4 58.9 a 
Pasteurized 65 59.2 53.3 44.6 33.0 51.0 bc 
pH modified 76 68.5 57.1 45.7 32.8 56.0 ab 
pH modified and pasteurized 62 56.4 50.8 32.8 28.0 46.0 c 
EDTA treated 74 64.5 55.0 31.8 29.8 51.1 bc 
EDTA treated and pasteurized 58 53.0 48.1 37.9 22.8 43.9 c 
TSS modified (30%) 19 18.7 18.4 17.7 16.8 18.1 d 
TSS modified (45%) 18 15.4 13.2 4.5 3.5 10.9e

* Means of triplicates. 
** Means of treatments by Duncan's multiple range test, P≤0.05 
a-d Means having different letters are significantly different at P≤0.05. 
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Alcohol Insoluble Solids (AIS) 
Alcohol insoluble solids (AIS) contain certain polysaccharides like pectin substances 

which are very important to the quality of guava products. As shown in Table 7 heat 
treatments that included heat slightly decreased the AIS at zero time, while non-heated 
treatments showed no change in AIS. However, during storage, the AIS were decreased in 
all samples. It may be due to the effect of native enzyme activities in the pulp. pH modified 
puree showed the highest decrease followed by the control sample. EDTA treated puree 
showed the least decrease. Similar results were reported by El-Zoghbi et al. (1992) who 
studied the influence of enzyme treatment on properties of guava purees and reported that 
enzyme activity resulted in a decrease of the alcohol insoluble solids (AIS) in guava purees. 
Similar findings were reported by Massiot et al. (1992) in carrot tissues. 
 
Table 7. Effect of pre-freezing treatments on alcohol insoluble solids (%) of 

guava puree during frozen storage at –18ºC. 
Treatment * Alcohol insoluble solids after storage 

period,  (month) 
0 1 2 4 8

** Mean

Control puree 2.67 2.65 2.63 2.58 2.52 2.61 b 
Pasteurized 2.41 2.38 2.38 2.36 2.32 2.37 d 
pH modified 2.67 2.64 2.62 2.56 2.48 2.59 b 
pH modified and pasteurized 2.32 2.27 2.27 2.24 2.20 2.26 e 
EDTA treated 2.67 2.66 2.65 2.61 2.57 2.62 a 
EDTA treated and pasteurized 2.46 2.44 2.43 2.41 2.38 2.42 c 
TSS modified (30%) 1.85 1.83 1.82 1.79 1.75 1.80 f 
TSS modified (45%) 1.31 1.31 1.30 1.29 1.27 1.29g

* Means of triplicates. 
** Means of treatments by Duncan's multiple range test, P≤0.05 
a-g Means having different letters are significantly different at P≤0.05. 

 
Color Index 

It was observed from the data in Table 8 that EDTA puree treatment gave the highest 
effect in protecting the color from browning after control treatment. The pH modified puree 
came in the second order while the rest treatments showed higher increment in browning. It 
is well known that thermal processing contributes to a large extent in color darkening. 

During storage, EDTA with or without pasteurization- treated puree showed lower 
color index as compared to other treatments. It may be due to the ability of EDTA to chelate 
metals thus inhibiting oxidation, especially vitamin C. The degradation of the latter may be 
responsible for browning of guava puree. This explanation agrees with the results of Chan 
and Caveletto (1982). They reported that ascorbic acid loss was found to be accompanied 
with browning. Similar results were obtained by Baramanray et al (1995) who evaluated 
guava (Psidium guajava) hybrids for making nectar and found a linear increase in browning 
during storage. 
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Table 8. Effect of pre-freezing treatments on color index (browning, A 420 nm) of guava 
puree during frozen storage at –18ºC. 

Treatment * Color index (browning)  after storage 
period (month) 

0 1 2 4 8

** Mean

Control puree 0.024 0.027 0.031 0.038 0.047 0.033 f 
Pasteurized 0.036 0.037 0.039 0.042 0.046 0.040 c 
pH modified 0.027 0.029 0.031 0.036 0.042 0.033 g 
pH modified and pasteurized 0.034 0.035 0.037 0.040 0.045 0.038 d 
EDTA treated 0.026 0.027 0.028 0.031 0.034 0.029 h 
EDTA treated and pasteurized 0.031 0.032 0.034 0.037 0.041 0.035 e 
TSS modified (30%) 0.045 0.047 0.050 0.055 0.062 0.051 b 
TSS modified (45%) 0.052 0.053 0.056 0.060 0.065 0.057 a 

* Means of triplicates. 
** Mean of treatments by Duncan's multiple range test, P≤0.05 
a-h Means having different letters are significantly different at P≤0.05. 

 
Hunter L, a and b Values 
L value 

As indicated in Table 9, the lightness value (L) decreased in all treatments as 
compared to the control sample at zero time. The addition of sugar showed the highest 
decrease. However, during the 8 months of storage, pasteurized puree and pH modified 
pasteurized puree samples gave the lowest rate of lightness decrease. These results are in 
accordance with that of color index, formol number and vitamin C content which showed 
the lowest changes during storage in the thermally treated puree. Similar results were 
reported by Kalra et al. (1991) who studied the quality evaluation of some market fruit 
drinks and reported that the decrease in Hunter's L value during storage was greater in 
market drinks than in laboratory prepared drinks. 

Table 9. Effect of pre-freezing treatments on color (L value) of guava puree during 
frozen storage at –18ºC 

Treatment * L value after storage period (month) 
0 1 2 4 8

** Mean  

Control puree 60.8 56.9 56.6 56.1 55.1 57.18 d 
Pasteurized 59.1 59.2 59.5 58.7 58.0 58.87 c 
pH modified 58.0 57.6 57.0 57.0 56.8 56.60 e 
pH modified and pasteurized 60.6 60.3 60.2 59.9 59.4 60.05 a 
EDTA treated 60.4 60.1 59.1 58.3 57.4 59.16 b 
EDTA treated and pasteurized 60.2 59.6 59.3 58.3 58.2 59.20 b 
TSS modified (30%) 47.7 47.2 46.8 45.8 45.0 46.54 f 
TSS modified (45%) 42.7 41.9 41.0 41.0 39.5 41.27g

* Means of triplicates. 
** Mean  of treatments by Duncan's multiple range test, P≤0.05 
a-g Means having different letters are significantly different at P≤0.05. 
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a value 
Positive (a) value is a measurement of red pigment to green pigment (180) degree 

which is a negative value. It is clear from the data in Table 10 that the control sample at 
zero time tended to give green color. The addition of citric acid or sugar increased the 
green color slightly, while the addition of EDTA made pulp tended to be red in color. 
Moreover thermal treatments gave a positive a values and the pulp tended to be red in 
color. This is due to browning enhancement by heating and the results are consistent with 
the color index in Table 6. During storage a slight increase was observed in all treatments 
in a value. These results agree with those of Yen and Lin (1996). 

 

Table (10): Effect of pre-freezing treatments on color (a value) of guava puree during 
frozen storage at –18ºC 

Treatment * a value after storage period (month) 
0 1 2 4 8

** Mean

Control puree - 0.2 0.0 0.2 0.4 1.1 0.30 b 
Pasteurized 0.4 0.5 0.7 1.0 1.5 0.85 a 
pH modified -1.2 0.1 1.4 0.6 1.4 0.36 b 
pH modified and pasteurized 0.4 0.6 0.8 1.0 1.4 0.82 a 
EDTA treated 0.2 0.4 0.6 1.1 1.9 0.84 a 
EDTA treated and pasteurized 0.8 0.7 0.9 1.5 1.1 0.90 a 
TSS modified (30%) -0.9 -0.5 0.03 0.3 0.4 0.16 c 
TSS modified (45%) -0.9 0.0 0.1 0.3 0.5 0.12c

* Means of triplicates. 
** Means of treatments by Duncan's multiple range test, P≤0.05 
a-c Means having different letters are significantly different at P≤0.05. 

 

b value 
It is clear from the data in Table 11 that the pH modified puree at zero time was the 

best treatment followed by the pasteurized puree. Addition of sugar decreased b value. In all 
other treatments b value was increased as a result of browning reactions.  

During storage, pasteurized puree showed the best yellow color due to the effect of 
temperature in preventing changes in phenolic compounds which are responsible for yellow 
color. TSS modification led to a negative b value during storage i.e. a blue color. This effect 
was clearer in the drink made from this pulp (Ibrahim, 2006). 

Statistical analysis of the mean values of tested variables shown in the presented 
Tables may give better assessment of the overall effects of the studied treatments. In this 
respect, significant (p≤0.05) variations of the studied quality parameters were revealed 
among the investigated treatments. 
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Table 11. Effect of pre-freezing treatments on color (b value) of guava puree during 
frozen storage at –18ºC. 

Treatment * b value after storage period (month) 
0 1 2 4 8

** Mean 

Control puree 11.5 11.9 12.6 13.5 15.5 13.0 a 
Pasteurized 11.2 11.7 12.3 12.3 12.5 12.0 ab 
pH modified 9.8 10.4 11.5 12.6 12.8 11.4 b 
pH modified and pasteurized 12.5 13.2 13.3 13.7 14.0 13.3 a 
EDTA treated 11.9 12.2 12.5 13.1 14.4 12.8 a 
EDTA treated and pasteurized 12.2 13.1 13.5 13.7 14.2 13.4a

TSS modified (30%) 7.6 7.4 7.4 7.3 7.2 7.4 c 
TSS modified (45%) 6.4 6.0 5.8 5.4 4.6 5.6 cd 

* Means of triplicates. 
** Means of treatments by Duncan's multiple range test, P≤0.05 
a-d Means having different letters are significantly different at P≤0.05. 

 

CONCLUSIONS 
 

The obtained results proved that the pasteurized puree can be regarded the best since 
it maintained natural guava puree quality indices. Heat treatment led to a moderate decrease 
in acidity, highest retention of vitamin C and the best color stability. EDTA addition and pH 
modification with pasteurization gave good results i.e. they maintained guava puree quality 
parameters during storage, such as color index, vitamin retention, and color attributes. On 
the contrary TSS modified purees gave the worst results followed by the pH modified puree 
and the EDTA treated puree. More studies are needed to verify impurities in added sugars 
which affect fruit puree and juices quality during storage. 
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Food Safety and Contamination Department, National Research Centre, Cairo, Egypt 
 

Abstract: This study is an attempt to prevent or minimize the negative probabilities due to ingesting 
aflatoxin(s) contaminated food. A previous research studies for about 30 years leads to suggest this studied 
formula. Data revealed that the proposed formula had positive effects when added to aflatoxin(s) – 
contaminated diets at concentrations of 0.1 and 0.2% (w/w). An exposure study extended for 3 different 
stages was conducted using both sexes of white albino rats. The 1st stage (pre-treatment) was suggested to 
compare the performance of animal groupings under the normal conditions before receiving any treatment, 
either level of contamination(s) or dosage(s) of additive, such stage extended for 2 weeks. The 2nd stage 
(treatment), the animals received different levels of aflatoxin(s) and the studied formula, such stage extended 
for 4 weeks. The 3rd stage (post-treatment) was suggested to transfer treated animal groupings to receive 
sound diets free from any level of contamination. The averages of body weight and body weight gain were 
dramatically affected during the exposure stage to aflatoxins. The studied formula prevents the deterioration 
of such performance which obviously observed in animal grouping received high level of contamination. 
Both males and females were responding to contaminated diets and to the additive as well. The activities of 
GOT and GPT enzymes, which are reflecting liver function, were obviously- affected during exposure to 
aflatoxins, but such levels came back to normal during post-treatment stage. Histochemical studies and the 
semi-quantitative data exhibited that both NADH-diaphorase and mitochondrial ATPase were severely 
affected when the treated animals ingested aflatoxins and such severe effects came back to moderate when 
receiving the proposed additive. Also, the histopathological changes of congestion, necrosis, degeneration 
and mono-nuclear cell infiltration were obviously observed in livers of both sexes of treated animals. Such 
histopathological changes were not observed in livers of rats received the studied additive simultaneously 
with the aflatoxin(s) -contaminated diets. It's worthy to mention that the studied formula was registered as a 
patent in the Egyptian Academy of Science and Technology under the name of "mycodote" and application 
number 20370/6. 

INTRODUCTION 
Both human and animal health has been dramatically affected in outbreaks of acute 
mycotoxicosis, but these tragic events may be only a part of the cost to society in terms of 
impaired health and productivity from the ingestion of sub-clinical levels of mycotoxins 
(WHO, 1981; Saad, 1993; Moos, 2002). Aflatoxins B1, B2, G1 and G2 were occurred on 
different foodstuffs when exposed to certain strains of Aspergillus flavus and Aspergillus 
parasiticus (Wogan, 1977; Casado et al., 2001). Many reports stated the harmful effects of 
aflatoxins on wide variety of animals and human; depression of growth and production 
(Saad, 1993), immunosuppression (Yeong – Hsiang et al., 2001), liver disorders (Guerre et 
al., 1996; Anong and Suparat, 2006), abnormalities of enzyme picture (Patrick et al., 2002; 
Tulayakul et al., 2005). However, such harmful effects seem to be difficult to overcome 
since aflatoxicosis gave no reaction response for any available treatment of drugs and/or 
antibiotics (Abdelhamid, 1990; Saad, 1993). The metabolism of aflatoxins are due mainly 
to sex and specie differences besides the mitochondrial enzymatic reaction (Tulayakul et 
al., 2005; Anong and Suparat, 2006). The rate of metabolism, the repeativeness of 
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exposure, the dosage and type of mycotoxin(s) were reported as limiting factors affect the 
type of toxic action of mycotoxicosis (Saad, 1994; Jia-Sheng and John, 1999; Hussein and 
Jeffrey, 2001). This work is an attempt to offer an appropriate formula to avoid or to 
minimize the harmful effects due to ingesting aflatoxin(s) contaminated food and to 
evaluate the efficacy of the studied formula when ingested simultaneously with the 
contaminated food by experimental animals, considering the animal(s) performance and 
biochemical, histochemical and histopathological changes. 

 

MATERIALS AND METHODS 
 
The suggested additive (formulation and application) 

The ingredients and their quantities included in this appropriate formula were 
suggested considering the available knowledge as reported by Hsieh (1983); Raina et al. 
(1991) and Saad (1993). The ingredients (Table 1) were obtained from the Egyptian 
Company for Chemicals and Pharmaceuticals, then mixed well and packaged in 4g 
sachettes under sanitary conditions.  
 
Table 1. The composition of the studied formula.   

No.  Component(s)  Concentration (g/kg)  The percentage  
1 Active silica  50 gm  5 % 
2 Reduced glutathione  15 gm 1.5 % 
3 Zinc sulphate  15 gm  1.5 %  
4 Carbo-diimide  0.1 gm  0.001 %  
5 Ascorbic acid  12 gm 1.2 %  
6 Choline chloride  100 gm 10 % 
7 Lactose  Up to kg 80.8 %  

Preparation of aflatoxin(s) contaminated ration 
A balanced ration of growing rats with 14% crude protein and 3100 kg calorie were 

purchased and artificially infected (in vitro) with a certain strain of Aspergillus flavus 
(NRRL-2999) which identified as an aflatoxin(s) producing strain. The inoculated 
substrate were incubated at 28°C for 18 days. The contaminated substrate were analyzed 
for the presence of aflatoxins using HPLC as recommended by (AOAC, 1990). The 
obtained data exhibited that each kg of the contaminated ration was proved to include 2.4, 
0.36, 9.5 and 0.1 ppm of aflatoxins B1, B2, G1and G2, respectively.  
Experimental animals (grouping and management) 

Sixty white albino rats of equal number of both sexes were obtained after weaning 
from the unit of animal house of National Research Centre. The experimental animals were 
randomly divided into 6 groups, each involved 5 males and 5 females weighted 64.3 – 68.8 
g, each. All groups were exposed to the main 3 stages of the experiment period as follows: 
the first 2 weeks were the pre-treatment period, followed by 4 weeks of treatment, then 6 
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weeks as post treatment period. Both the 1st and 2nd groups were fed on sound rations, free 
from aflatoxins, but the 1st one had no additive to act as “negative control”, while the 2nd 
group fed on the same sound ration plus the studied additive at concentration equivalent to 
0.1 % (w/w). The other 4 group's ingested aflatoxin(s) contaminated diets. Both the 3rd and 
4th group fed on high level of aflatoxins contaminated rations containing 2.4, 0.4, 9.5 and 
0.1 ppm of aflatoxins B1, B2, G1and G2, respectively, plus the proposed additive at 0.1 and 
0.2 % w/w. The 5th and 6th groups received two levels of contaminated food, the 5th group 
exposed to the lower level which is equivalent to 0.5 the level administered to the 6th group 
by mixing equal ratios (1:1 w/w0 from contaminated to sound diet. Both the 5th and 6th 
groups exposed to contaminated diets only without any addition. 
Variables and parameters of the study 

Body weight, body weight gain and feed intake were calculated and reported weekly. 
Sampling of excreta (faeces + urine) were randomly withdrawn from the pooled collection 
of each group and analyzed for aflatoxin(s) residues according to Saad (1994). Blood 
samples were collected biweekly to determine the activity of both glutamate oxaloacetate 
(GOT) and glutamate purovate transaminases (GPT) as described by Reitman and Frankel 
(1957). After the end of post-treatment stage, the animals were slaughtered and livers of 
both sexes of the different groups were investigated histopathologically and 
histochemically for the abnormal changes and the activity of mitochondrial ATPase and 
NADH diaphorase enzymes as reported by Pearse (1979) and Sheehan and Hcapchak 
(1980). Sampling and methods of analyses were adopted as recommended by (AOAC, 
1990). Statistical analysis of the obtained data had been conducted as complete random 
block design, (Snedecor and Cochran, 1980). 
 

RESULTS AND DISCUSSION 

Effects of ingesting aflatoxins and the additive on the performance of treated animals 
The average of body weight and body weight gain of both sexes of the 6 treatments 

show almostly similar values and ranges during the pre-treatment stages (Table 2). During 
treatment stage both males and females of the negative control group showed almostly the 
same values obtained from groups 3 and 4 which fed on high level of contamination 
simultaneously with the additive at concentrations of 1 and 2%. The average body weight 
of groups 5 and 6, which ingested low and high levels of aflatoxin(s) contamination 
exhibited severe effects and retardation leading to gain 8, 6 and 2.7g for males and females 
of low level of contamination after 4 weeks comparing with 41.2 and 32.4 gms gained by 
control group. Moreover, the females of group 6 which ingested high level of 
contamination loosed some of their weight showing negative balance of body gain 
equivalent to (-6.3) g after 4 weeks of exposure. Many authors stated that ingesting 
aflatoxin(s) contaminated food leads to negative effects on both animal and human 
performance (WHO, 1981; Park, 1983; Saad, 1993). It's worthy to mention that both sexes 
of group 2 which ingested the studied additive and sound diets showed non significant 
(P≤0.5) effects compared with the negative control and the groups 3 and 4 which ingested 
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the high level of contamination and the additive at 0.1 and 0.2%. During the post-treatment 
stage when all groups received only sound diets, the effected animals of groups 5 and 6 
showed obvious performance improvement and reflecting almostly normal gain after 6 
weeks from stopping exposure to aflatoxin(s) either at high or low levels of contamination. 
These findings are in agreement with those reported by Saad (1993) working on broilers, 
Casado et al., (2001) on mice and Biing-Hui et al. (2002) working on swine. The 
improving of performance after the post-treatment stage might reflect the physiological 
and biochemical reversible reactions (WHO, 1981; Oguz et al., 2000; Casado et al., 2001). 
It's worthy to report that data obtained from the analysed samples of excreta (faces + urine) 
of the different studied groups showed no traces of aflatoxin(s). This finding might be due 
to the biotransformation of the ingested contaminants, aflatoxin B1, B2, G1 and G2 to other 
metabolites and /or the uncompetitiveness of the applied method of analysis (Guerre et al., 
1996; Patrick et al., 2002). 
 
Table 2. The average of body weight and body weight gain (g) during the three stages  

Average body weight (g) and body weight gain Week(s) T.I T.II T.III T.IV T.V T.VI 
Pre-treatment stage 

♂ 66.5 64.3 67.1 65.9 64.8 65.6 1st wk ♀ 70.1 69.9 68.9 69.5 70.0 68.5 
♂ 81.0 82.3 83.0 83.2 80.6 84.0 2nd ♀ 87.3 86.4 88.1 85.9 87.6 86.9 
♂ 14.5 18.0 15.9 17.3 15.8 18.4 Gain ♀ 17.2 16.5 19.2 16.4 17.6 18.4 

During-treatment stage 
♂ 97.4 98.9 96.6 100.3 91.4 90.6 3rd ♀ 103.5 106.6 105.8 103.7 98.6 97.7 
♂ 109.4 112.4 114.6 118.9 96.7 93.6 4th ♀ 110.8 115.7 115.9 117.8 100.1 95.3 
♂ 120.3 122.6 123.4 126.7 102.2 90.5 5th ♀ 121.7 121.9 122.8 125.3 101.2 92.3 
♂ 138.6 140.8 136.1 142.4 100.0 92.0 6th ♀ 135.9 133.4 134.3 130.9 101.3 91.4 
♂ 41.2 41.9 39.5 42.1 8.6** 1.4** gain ♀ 32.4 27.1 28.5 27.2 2.7** (-6.3) 

Post-treatment stage 
♂ 151.3 155.8 148.9 156.6 120.6 116.6 8th ♀ 149.5 153.7 147.8 150.9 116.5 114.9 
♂ 170.5 176.7 169.9 173.3 136.6 127.3 10th ♀ 168.6 168.6 170.0 171.2 135.3 122.6 
♂ 203.2 196.7 194.6 189.9 147.9 140.6 12th ♀ 198.6 200.0 197.8 191.7 150.3 143.0 
♂ 51.9 40.9 45.7 33.3 27.3 24.0 Gain ♀ 49.1 46.3 50.0 40.8 33.8 28.1 

** P≤0.01 
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The biochemical changes in different studied groups 
The average(s) of the transaminases (GOT and GPT) level showed the normal picture 

during the pre-treatment stage with no differences between sexes and groups (Table 3). 
During the treatment stage, the groups from 1 to 4 showed constant level of both GOT and 
GPT, while groups 5 and 6 which ingested low and high levels of aflatoxin(s) 
contamination showed extremely higher values of GOT enzyme level reached 407.5% and 
363% for the males of the 6th and 5th group, respectively compared with the same animal 
grouping before exposure to aflatoxin(s). Similar values were observed when GPT was 
measured during treatment stage in both the positive groups 5 and 6 which ingested low 
and high levels of contamination. The level(s) of both GOT and GPT were not affected 
during treatment in the 3rd and the 4th groups, leading to suggest the positive effect of 
studied additive on the liver function when the animals exposed to high level of 
aflatoxin(s) contamination. Tracing the level(s) of transaminase GOT and GPT in both 
males and females of the 2nd group which received the additive only without any level of 
contamination, it could be easily noted that no changes were obtained during the 3 
successive stages of the study. The obtained data were in accordance with those reported 
by Yeong-Hsiang et al. (2001), working on ducklings,  Biing-Hui et al. (2002) on swine 
and Anong and Suparat (2006) on broilers. However the post-treatment stage showed 
gradual  decrease back to normal to reach almostly the same  values of control group after 
6 weeks from stopping  exposure to  aflatoxin(s).  such response  was reported by Casado 
et al. (2001) when exposed mice to contaminated diet containing aflatoxin B1 and 
fumonsins. 
The histopathological changes in different studied groups 

The histopathological examination to livers of both males and females of the first 
four groups showed no abnormalities. Only the stained sections of liver of both sexes of 
group 5 and 6 showed different degrees of changes ranged between severe to moderate 
congestion of blood vessels, local necrotic areas and degenerative changes of hypatocytes 
with local mononuclear cell infiltration and/or aggregations. Both the reversible and 
irreversible reactions obtained from the histopathological exam were previously reported 
by many researchers (Tae et al., 1999) working on rats, Hussein and Jeffrey (2001) 
working on humans and animals previously ingested contaminated food and Gowda et al. 
(2006) working on sheep. The severe changes were observed in liver of male rat from 
group 6, which ingested the high level of aflatoxin(s) for 4 successive weeks (Fig 1). 
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Table 3: The average(s) of transaminases enzyme activity (IU) during the different 
stages of the exposure study. 

 
The average level ± SD of (GOT) Weeks T.I T.II T.III T.IV T.V T.VI 

Pre-treatment stage 
♂ 10.0±0.6 8.9±0.6 9.7±0.7 8.9±0.8 10.0±0.5 9.4±0.6 2nd ♀ 9.8±0.7 8.8±0.4 7.9±0.8 10.0±0.6 9.9±0.7 8.8±0.9 

During-treatment 
♂ 10.0±0.4 10.3±0.6 9.7±0.7 10.2±0.7 22.0±0.5 28.7±0.5 4th ♀ 9.6±0.5 9.8±0.5 8.9±0.6 9.7±0.6 19.3±0.6 26.1±0.9 
♂ 9.8±0.7 9.8±0.4 8.7±0.5 9.5±0.5 36.3±0.5 38.3±0.7 6th ♀ 9.9±0.6 8.9±0.6 8.8±0.7 9.8±0.6 28.7±0.8 29.1±0.7 

Post-treatment stage 
♂ 10.4±0.7 10.1±0.7 8.4±0.9 10.6±0.6 23.0±0.4 26.0±0.7 8th ♀ 9.9±0.6 11.2±0.6 9.2±0.3 11.1±0.8 18.0±0.7 24.3±0.8 
♂ 8.9±0.4 9.3±0.7 8.3±0.4 9.4±0.5 16.0±0.3 12.7±0.3 12th ♀ 7.9±0.8 9.2±0.1 8.6±0.3 9.1±0.4 14.7±0.4 13.5±0.5 

The average level ± SD of GTP activity 
Pre-treatment stage 

♂ 14.3±0.6 15.7±0.7 17.8±0.6 14.5±0.5 17.6±0.8 15.9±0.5 2nd ♀ 16.6±0.7 16.9±0.8 16.9±0.9 13.9±0.6 16.9±0.8 14.3±0.7 
During-treatment 

♂ 15.5±0.6 16.4±0.6 18.1±0.7 15.3±0.7 28.6±0.6 33.6±0.3 4th ♀ 16.5±0.7 14.3±0.7 16.8±0.6 13.5±0.6 22.4±0.4 31.7±0.4 
♂ 14.7±0.6 13.8±0.8 15.8±0.7 16.8±0.6 33.1±0.9 38.4±0.6 6th ♀ 15.7±0.8 16.8±0.6 14.7±0.8 17.1±0.9 29.1±0.8 42.3±0.7 

Post-treatment stage 
♂ 17.7±0.8 16.6±0.6 16.6±0.7 14.3±0.9 19.3±0.3 18.4±0.9±8th ♀ 14.3±0.7 15.9±0.7 15.5±0.6 13.9±0.8 16.2±0.8 16.4±0.8 
♂ 16.6±0.5 16.5±0.5 14.9±0.6 17.7±0.8 18.0±0.9 15.3±0.7 12th 
♀ 15.5±0.7 15.9±0.6 15.5±0.6 16.9±0.6 13.4±0.8 14.7±0.6 
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Figure 1. Section in liver of male rat ingested high level of aflatoxin(s) for 4 successive 
weeks showing local areas of degenerative changes of hypatocytes with local 

areas of mononuclear cell infiltration (X400). 
 
The histochemical changes in different studied groups 

The semi-quantitative determination of both mitochondrial ATPase and NADH 
diaphorase classified the obtained results into six degrees with certain symbols of enzyme 
activity (Table 4). The 1st degree (±) refer to traces of enzyme activity, the 2nd (+) refer to 
weak activity, the 3rd (+±) is sub-moderate activity, the 4th (++) is moderate, the 5th (+++) 
is very active and the 6th (++++) is extremely enzymatic activity. Such classification based 
on the degree of stained color reaction of diformazan pigment in the hypatocytes (NADH-
diaphorase) and the lead sulphide precipitate (mitochondrial ATPase). 
 

Table 4. The semi-quantitative determination of the oxidative enzyme NADH 
diaphorase and the phosphorylated enzyme mitochondrial ATPase. 

 
Animal grouping(s) 

Enzyme activity Group 
I

Group 
II 

Group 
III 

Group 
IV 

Group 
V

Group 
VI 

NADH-diaphorase ++ ++ +± ++ ++++ ++++ 
Mitochondria 
ATPase ++ ++ ++ +± +++ +++ 

(+) weak activity, (++) moderate, (+++) very active, (++++) extremely active. 
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Figure 2. Cryostat frozen section in liver of male rat ingested high level of aflatoxin(s) 
contamination for 4 successive weeks showed extremely active reaction of NADH-
diphorase as indicated by the dark violet diformazan pigment in the liver tissue (X300)

Figure 3. Cryostat frozen section in liver of male rat ingested high level of aflatoxin(s) 
contamination for 4 successive weeks showed very active reaction of mitochondrial 
ATPase as indicated by the dense and dark lead sulphide precipitate (X300)

Many reports stated that aflatoxins affect most of the enzyme systems especially 
those controlling the oxidative and phosphorlyated functions and processes [Saad (1993) 
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on LHD, Paola et al. (1999) on phosphodiesterase, Patrick et al. (2002) on cytochromes 
P450, and Tulayakul et al. (2005) on glutathione-s-transferase and dialdhyde reductase]. 
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Abstract: Camel, cow and human milk proteins were prepared and analyzed by two different gel 
electrophoretic techniques. The immunological cross-reactivity between camel milk proteins and their 
counterparts in cow milk was tested using prepared antisera to camel milk proteins as well as sera from some 
allergic children to cow’s milk. The tests included immunoelectrophoretic and immunoblotting techniques. 

Camel milk proteins have unique electrophoretic patterns, which differ completely from those of 
cow and human milk. Immunoelectrophoretic and immunoblotting (Western blot) analyses showed the 
absence of immunological cross-reactivity between camel and cow milk proteins, when specific antisera to 
camel milk proteins were applied. When sera from some allergic children to cows’ milk were tested for the 
specificity of immunoglobulin E (IgE) to camel milk proteins using enzyme linked immunosorbent assay 
(ELISA) technique, the same results as that of immunoelectrophoresis were obtained.  

The study concluded that the absence of immunological similarity between camel and cow milk 
proteins can be considered an important criterion from nutritional and clinical points of view, since camel 
milk may be suggested a new protein source for nutrition of cow’s milk allergic children who their 
percentage reached 3–7% worldwide. 
 
Key words: Camel milk proteins, milk protein allergy, cow milk proteins, human milk proteins, antigenicity, 
immunogenicity, immunoblotting (Western blot), ELISA, immunoglobulin E (IgE) , Polyacrylamide gel 
electrophoresis (PAGE). 

INTRODUCTION 
 
The best nutritional option for newborn infants is mother’s milk; however, some infants 
may not be exclusively breast fed during the first months of life. In that case, another 
substitute or alternative must be provided as cows’ milk. This substitution results in an 
allergic disease known as cows’ milk allergy (CMA) in 2 -6 % of children. Nowadays, 
most common alternatives are soy and extensively hydrolyzed milk proteins formulae. 
However, there is an evidence that 10-20 % of cows’ milk allergic children do not tolerate 
soy derivatives (Ament and Rubin, 1972; Whitington and Gibson, 1977; Perkkio et al.,
1981; Businco et al., 1992) and some cases of high immunological reaction to  extensively 
hydrolysed formulae have been reported (Businco et al., 1989; Saylor and Bahna, 1991; 
Sampson et al., 1992). Meanwhile, several studies revealed that goat (Webber et al., 1989;
Ellis et al., 1991; El-Agamy 2007a), sheep (Bernard et al., 1992; Spuergin et al., 1997), 
buffalo (Gjesing et al., 1986; El-Agamy 2007 b), ass and mare (El-Agamy et al., 1997;
Muraro et al., 2002). Cow milk proteins are not suitable for nutrition of cows’ milk allergic 
children due to the presence of positive immunological cross-reaction with their 
counterparts in cows’ milk. On these bases, the identification of a suitable protein source 
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for cows’ milk allergic children represents an important goal for both nutritionists and 
paediatricians. 

The present study was undertaken to evaluate the suitability of camel milk for the 
nutrition of cows’ milk allergic children by studying the antigenic characteristics of camel 
milk proteins and the immunological cross-reactivity with their counterparts of cows’ milk.  

 
MATERIAL AND METHODS 

 
Milk samples 

Camel milk was obtained from farms at El-Alamin and Bourg El-Arab areas around 
Alexandria, and cow's milk from the herd of Faculty of Agriculture, Alexandria University, 
Egypt. Human milk was collected from healthy volunteer women at Alexandria, Egypt. 
Human Sera 

Sera were prepared from blood samples of fourteen allergic children to cow milk. 
Children were hospitalized at Elshatby children hospital, Alexandria University, Egypt. 
Animals 

Pure strains of rabbits were obtained from the farm of Faculty of Agriculture, 
Alexandria University, Egypt.  
Chemicals 

Protein marker, ultra pure agarose, nitrocellulose membrane (0.45 µm), Tricine 
buffer and all chemicals used in gel electrophoresis were from Bio-Rad (Richmond, CA 
94804, USA). Polyvalent antiserum of goat anti-rabbit- IgG or rabbit anti-human IgE 
labeled with horse radish peroxidase; 3,3'-diaminobenzidine, O-phenylendiamine, H2O2
(30%), Tween 20 and Freund’s adjuvants were from Sigma (St Louis, MO 63178,USA). 
Preparation of Caseins 

Whole camel's or cow's milk was skimmed by centrifugation at 5000g for 20 min. 
Casein was prepared from skim milk by precipitation at pH 4.6 with 1M-HCl as described 
by Swaisgood (1992). 
Preparation of whey proteins 

Skimmed milk was renneted at 40°C. Clear whey was obtained by centrifugation at 
10000g for 15 min, then concentrated by polyethyleneglycol (Mol. WT 20000) and stored 
at -30°C until used (Marshall, 1982). 
Protein determination 

Protein concentration in solutions was measured spectrophotometrically (Bradford, 
1976). 
Alkaline native-PAGE 

Milk proteins were diluted 1: 3 (v/v) with buffer 0.05 M Tris-HCl, pH 6.8; then 
mixed in the ratio 1:1 (v/v) with buffer 0.5 M Tris-HCl, pH 6.8 containing glycerol (7.5%), 
bromophenol blue (0.5%) and  subjected to electrophoresis (Hames & Rickwood, 1990). 
The running buffer consisted of 0.192M glycine and 0.025M Tris. Runs were carried out at 
150 V until the end of electrophoresis. Electrophoresis was performed using Mini-Protean 
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II cell (Bio-Rad) and protein bands were localized in the gels using Coomassie blue R-250 
(0.1%). 
Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) 

Milk proteins were diluted in the same manner as that of native-PAGE and diluted 
samples were mixed in the ratio 1:1 (v/v) with sample buffer 0.5 M Tris-HCl, pH 6.8 
containing glycerol (7.5%), SDS (2%), β-mercaptoethanol (5%) and bromophenol blue 
(0.5%) and subjected to heat in a water bath at 100°C for 10 min. Samples were cooled at 
room temperature, centrifuged at 10000g for 10 min to remove any insoluble material then 
loaded onto the gel using the discontinous buffer system (Laemmli, 1970). The running 
buffer consisted of 0.192 M glycine, 0.025M Tris and SDS (0.1%). 
Protein molecular weights determination 

Molecular masses (kDa) of separated proteins on SDS-PAGE were determined 
according to the method described by Weber and Osborn (1969) using the standard protein 
marker. 
Antisera production (immunization) 

Polyvalent antisera to camel milk proteins were prepared according to the 
procedure described by Clausen (1988). Rabbits were firstly immunized, with 0.5 ml of 
antigen (5 mg/ml sterile NaCl, 0.9%) in suspension with 0.5 ml complete Freund's adjuvant 
by intramuscularly injection in several sites at week 1. In weeks 3 and 5, each animal was 
injected intradermaly with booster dose 0.5 ml of antigen  (1mg/ml) in suspension with 0.5 
ml incomplete Freund's adjuvant. The sera were tested for antibody production before the 
third immunization. The animals were bled about 14 days after the last immunization. 
Blood was taken from rabbits and the antiserum titre was measured. Antisera were stored 
at -30 °C until used. 
Immunoelectrophoresis 

It was carried out at 0.8 V mm-1 for 1-2 h using standard low-Mr agarose dissolved 
at 10g/l in 0.1M Tricine buffer, pH 8.6 as described by Mayer and Walker (1990). 
Immunoblotting (Western blot) 

After SDS-PAGE, transfer of separated proteins from the gel onto the nitrocellulose 
membrane (0.45µm, Bio-Rad) was achieved by electrophoretic elution using 0.025M Tris, 
0.192 M glycine and methanol (200ml/l) at 100 V for 1h with Mini Trans-Blot 
Electrophoretic Transfer Cell (Bio-Rad). To verify the protein transfer, the gels were 
stained by Coomassie blue R-250. The blotted membranes were blocked with gelatin 
(10g/l) and washed three times with Tris-buffered saline (0.05M Tris, 0.15M NaCl). 
Membranes were then incubated overnight at room temperature with polyvalent antiserum 
to camel casein or whey proteins diluted 1:10 with Tris- buffered saline. To detect the 
antigen–IgG complex, a second incubation was made with polyclonal antiserum of goat 
anti-rabbit-IgG peroxidase conjugate diluted 1: 1000 with Tris-buffered saline. Colour was 
developed in the presence of H2O2 with 3,3'-diaminobenzidine as a substrate. (Holen et al., 
2001).  All the washing steps used Tris-buffered saline containing Tween 20 (2ml/l) 
(Holen et al., 2001). 
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Enzyme linked immunosorbent assay (ELISA) inhibition 
IgE-ELISA was performed using ninety-six wells; flexible round bottom, microtitre 

plates (Falcon Laboratory ware, CA 93030, USA). Plates were precoated with 50 µl per 
well of 20 µg/ml of cow casein or whey protein in 0.05 M carbonate buffer, pH 9.6. After 
overnight incubation at 4°C, wells were washed three times with phosphate-buffered saline 
(PBS) with Tween and blocked with PBS/BSA (50g/l) in PBS for 3 h at 37°C, rinsed with 
PBS-Tween 20 at 0.5ml/l, and then filled with 50 µl serum sample dilutions (1/25) and 
incubated for 1h at 37°C. To detect specific IgE, plates were washed again and incubated 
with polyclonal antiserum of rabbit anti-human IgE (Fc specific) horseradish-peroxidase-
conjugate (Sigma) for 1h at 37°C. The reaction was developed with O-phenylendiamine-
H2O2 (Sigma). Absorbance was measured at 490 nm in a Titertek Multiskan (Motrich et 
al., 2003). 
 

RESULTS AND DISCUSSION 
 
For all newborn infants, mothers’ milk will always be the ideal nutrition, because it best 
ensures healthy short- and long-term development as well as enhances the immune 
functions and hypoallergenic (Wold and Adlerberth, 1998). However, some infants may 
not be exclusively breastfed during the first months of life, potentially leading to a 
reduction in overall health status and the early onset of allergic diseases in some infants 
(Exl, 2001). 
Gel electrophoresis of milk casein 

Fig. (1) shows the alkaline native-PAGE of camel, cow and human milk caseins. 
Each type of casein has a unique electrophoretic pattern due to the appearance of 
distinguished differences in migration positions. In camel milk casein, β- and αs-CN differ 
markedly in their migration positions on the gel comparing with those of cow and human 
milk. These patterns revealed that each type of casein has its unique profile. This feature 
indicates the differences in charges of such casein fractions among the three types of milk. 
On the bases of this behavior it is expected that the amino acids composition and structure 
will be different. On the other hand, although camel and cow milk caseins showed the 
appearance of equal peptide fractions (3 peptides) on the gel, the variations in migration 
behavior of all peptides were observed. This mainly reflects the charge differences 
between both types of caseins. On the other side, human casein was separated into only 
two fractions differ in migration positions than those of either camel or cow casein. Farah 
and Farah-Riesen (1985) reported that camel casein was separated into three main fractions 
on polyacrylamide gel in the absence of non denaturing agents and these fractions are 
similar in number to those of cow milk casein but different in migration positions. It is 
interesting that the electrophoretic patterns of camel and cow caseins showed the quite 
equality of β- and αs-casein fractions in their intensities. On the contrary, human casein 
pattern revealed that β-CN was dominant. The study of Kroening et al. (1998) showed that 
human casein is mainly β-CN and αs-CN is present in very low concentration. On the 
bases of these findings it is clear now that the high concentration of β-CN and its 
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dominance in human casein reflects the higher digestibility rate of human milk in the 
infant’s gut. Because human milk β-CN is more sensitive to peptic hydrolysis than αs-CN 
(Abou-Soliman, 2005). Meanwhile, it should be taken into account that the higher the 
concentration of αs-CN in cow milk, the higher the incidence of hypersensitivity reaction 
(allergy) in children (Taylor, 1986). Therefore, the hypoallergenicity of human milk is due 
to the high concentration of β-CN and limited level of αs-CN. The molecular masses of β-
and αs-CN were estimated at 29, 33 and 28, 32 kDa for camel and cow milk caseins, 
respectively. For human β-CN, the molecular weight was 27 kDa (Fig.2). 

β-CN

αs1-CN

αs2-CN

Camel    Cow      Human          

Fig.1

 
Figure 1. Alkaline native-PAGE (12.5% T) of acid casein from 

camel, cow and human milk. Anode is toward bottom of photo. 

 
Figure 2. SDS-PAGE of acid camel, cow and human milk caseins. 

Std: Standard protein marker. Anode is toward bottom of photo. 
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Concerning molecular and immunological characterization of whey proteins of the 
three types of milk, different techniques were applied. Firstly alkaline native-PAGE (Fig. 
3) showed that the electrophoretic patterns of whey proteins were also different. Camel α-
la was faster in migration than cow and human α-la. But both α-la of cow and human 
milks had almost the same migration position. β-lg was not present in patterns of camel 
and human milk but it was dominant in cow milk whey proteins and separated into two 
different variants (β-lg B & β-lg A). This feature must be taken into account because β-lg 
is one of the major proteins of cow milk responsible for the incidence of hypersensitivity 
reactions (allergy) in infants (Lara-Villoslada et al., 2005). 

 
Figure 3. .Alkaline native-PAGE (12.5% T) of camel, cow and 

human milk whey proteins. Anode is toward bottom of photo. 
 

Human whey proteins were characterized by the presence of α-la and lactoferrin in 
high ratio, whereas in camel milk immunoglobulin G, α-la and serum albumin were 
dominant. Reiter (1985) reported that lactoferrin is abundant in human milk whey proteins. 
Meanwhile, the high ratio of α-la in human milk may due to its vital physiological role in 
lactose synthesis in the mammary gland. The evidence is that human milk has high level of 
lactose comparing with milks of other dairy animals (El-Agamy et al., 1998). 

The molecular masses of whey proteins were estimated after separation on SDS-
PAGE (Fig. 4). Camel α-la (15 KDa) was higher than those of cow and human milk (14.4 
kDa). Serum albumin of cow milk was equal to that of blood serum (66.2 kDa), (El-Agamy 
et al., 1996). Camel, cow and human serum albumins were estimated at 66.2 kDa. The 
study of Farah (1993) showed that camel serum albumin (CSA) has a molecular mass of 66 
kDa. 

Generally, according to the molecular characterization of all proteins of the three 
types of milk, we conclude that each type of milk has unique proteins having their own 
composition and structure to be the fit proteins for the requirements of the corresponding 
newborn nutrition. 
 

Camel

β - lg
α - lac

Cow Human

α - lac
BSA

IgG
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Fig.(4)

97
82
66
43

31

18
14.4

BSA α-lac Std Mr

LF

HumanCamel Cow

Figure 4. SDS-PAGE (7.5–15% T, gradient gel) of camel, cow and 
human milk whey proteins .LF; lactoferrin;  α -la : α-
lactalbumin; BSA: bovine serum albumin. Std: Standard protein 
marker, Anode is toward bottom of photo. 

 
Immunoelectrophoretic analysis 

The present study was further pursued in order to confirm such findings by 
applying another immunological criterion for the characterization of such proteins. In order 
to evaluate camel milk proteins to be substitute of human milk ones and to compare them 
to those of cow milk, which were well evaluated as positive-allergy causing proteins, 
different immunological techniques were applied using specific antisera to camel milk or 
cow milk proteins. In (Fig. 5A), immunoelectrophoretic analysis of camel and cow milk 
caseins showed the absence of similar antigenic properties between them. Because there 
was no positive immunological reaction between specific antiserum to camel milk casein 
with cow milk casein (as an antigen). This result indicates that each casein has its own 
antigenic determinants, which formed its unique structure. By the same technique, the 
immunological relationship between camel and cow milk whey proteins was also studied 
(Fig. 5B). Results showed that very limited immunological similarity between camel and 
cow milk whey protein. Because of the appearance of only one positive precipitin arc in 
cow milk whey proteins (CMWP) when specific antiserum to camel milk whey proteins 
were applied in the test. The position of that precipitin arc of CMWP refers to serum 
albumin. It is noted that the intensity of the arc was light, means that its reaction with 
camel milk antiserum was weak. This reveals that BSA shares a limited part in its primary 
structure similar to that of CSA and they are not identical in structure. The immunological 
similarity between serum albumins in both camel and cow milk protein may due to that 
serum albumin is derived from blood and not synthesized in mammary gland, i.e., not 
organ-specific protein (Fox and McSweeney, 1998). To confirm these results, another 
immunological analysis (Western blot) was applied (Fig. 6). When antiserum to camel 
milk casein was used, no detection of any fraction of cow milk casein was observed. It was 
clear that all fractions of camel milk casein were detected on the   nitrocellulose 
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membrane. This result confirms also that the antigenic similarities between both types of 
casein are not present and they are completely different than each other. Therefore, it is 
expected that the allergenicity mode of casein is different between cow and camel milk. 
Western blot was also applied for examination the similarities between both types of milk 
(Fig. 7). The majority of camel whey proteins showed no similar immunological cross-
reaction with those of cow milk except BSA which showed little antigenic similarity with 
CSA. Although, the existence of such immunological similarity, it means nothing from the 
allergy point of view. Because BSA has no a significant role in the hypersensitivity 
reaction comparing with other whey proteins like β-lg and α-la (El-Agamy, 2007c). In 
order to have highly confirmation of the antigenic dissimilarity between camel and cow 
milk proteins, we examined serum samples, from allergic children to cows’ milk proteins, 
for the specificity of IgE (Specific immunoglobulin to cow proteins) to camel milk 
proteins. Ig E- ELISA assays for both camel and cow milk proteins were presented in (Fig. 
8). The results showed that cow casein was recognized at high binding affinity as shown by 
inhibition rate of 65.8 % versus zero % for camel casein. For whey proteins, the Ig E 
inhibition rates were 39.8 % and zero % for cow and camel milk, respectively. 
 

Figure 5. Immunoelectrophoretic analysis of camel and cow milk proteins. 
(A): CM Cas ; Camel milk casein; BV Cas: bovine casein; 

1: Rabbit  antiserum to camel milk casein. 
(B): CM WP: camel milk whey proteins; BV WP: bovine milk whey proteins. 

2: Rabbit antiserum to camel milk whey proteins. 
 

The positive results of such diagnostic test with cow milk proteins are expected 
because the serum samples were obtained from allergic children to cows’ milk. But on the 
other side the results were very interesting, since no IgE recognition at all to the epitope of 
any one of camel milk proteins. 

On the bases of these findings we can conclude that: (a) the epitopes of proteins of 
cows’ milk which cause the hypersensitivity are completely different than those of camel 
milk. (b) camel milk might be a promising new protein source for allergic children and it 
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might be used in formulas. (c) camel milk is characterized by the absence of β-lg. This 
seems to be important for two reasons (1) there is compositional similarity with human 
milk and (2) one of the most important cows’ milk allergen could be lacking. Although the 
findings of this study are very interesting, the administration of camel milk to allergic 
children needs more clinical studies in order to verify its suitability for their nutrition. 
 

Figure 6. SDS-PAGE followed by immunoblotting (Western blot) of 
camel and cow milk caseins Lanes 1,2&3 : camel milk casein; 

Lane 4; cow milk casein. Polyvalent antiserum to camel casein was 
applied in the blot. 

 

Figure 7. SDS-PAGE followed by immunoblotting (Western blot) of 
camel and cow-milk whey proteins. Lanes 1,2, & 3: camel milk 
whey proteins; Lane 4: cow milk whey proteins. Polyvalent 
antiserum to camel whey proteins was applied in the blot. 
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Figure 8. IgE-ELISA inhibition of cow and camel milk proteins. 
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Abstract:  The bacteriological quality of broiler carcasses of the five main poultry slaughterhouses (SH) in 
Jordan during refrigeration storage was analyzed. The average initial and final counts after six days of 
storage at 4°C, of aerobic plate count (APC), psychrotrophs, Enterobacteriaceae, lactic acid bacteria and 
Staphylococcus aureus (expressed as log10CFU/g meat), were (5.5 and 7.3), (4.6 and 8.2), (4.3 and 5.7), (3.8 
and 4.6) and (3.1 and 4.1), respectively. These bacterial groups increased significantly (P≤0.05), but not 
uniformly during the storage period. The spoilage detection level (SDL) of samples from any of the five (SH) 
samples was apparent within the storage period when the APC and Psychrotrophic counts exceeded 7 log10 
CFU/g meat. The onset of spoilage time of broiler samples was found to be correlated negatively with the 
initial counts of APC and Psychrotrophs. The onset of spoilage of (SH B) with an initial count of 6.6 log10 
CFU/g was after 2 days where the onset of the spoilage of (SH A) with an initial count of 4.9 log10 CFU/g 
was after 6 days. As a result of this finding it is of most importance to practice effective sanitation measures 
to minimize the pathogenic and spoilage microbial contamination of the poultry carcasses during 
slaughtering, processing and handling. 

Key words: Broiler bacteriology, bacteriological quality, refrigerated storage, broiler shelf-life, Jordan 
slaughterhouses. 

INTRODUCTION 
Poultry meat is exposed to many types and variable numbers of microbial contaminants 
from various sources during slaughtering, transportation and handling before consumption.  
Some of those contaminants come from the native microbial flora of living birds while 
others come from cross contamination through processing (McMeekin and Thomas, 1979). 
The consumption of poorly processed poultry meat may be considered as a possible cause 
of human illness (Anonymous, 2000). The numbers and types of microorganisms and the 
temperature of storage primarily determine the shelf life of fresh food. Microorganisms 
responsible for the spoilage of poultry meat continue to multiply during refrigeration 
storage even at the recommended temperature of 4°C (ICMSF, 1986). Aerobic plate count 
(APC) has been used as a criterion for predicting shelf life of poultry. The psychrotrophic 
bacteria have been used as a general indicator of the potential shelf life of fresh chicken 
stored in refrigeration (Al-Mohizea et al., 1994). Gallo et al. (1988) stated that 
psychrotrophs that survive processing may grow during refrigerated storage to spoil 
broilers.  They added that Lactobacilli and Enterobacteriaceae represent a high proportion 
of freshly packaged broiler carcasses flora. The presence of Enterobacteriaceae and 
pathogenic Staphylococcus aureus in high numbers in food indicates the faulty handling 
and sanitation during processing. Enterobacteriaceae which includes intestinal pathogens 
is considered as an important bacterial group in food industry, it is widely accepted as an 
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indicator of fecal contamination (Robach, 1996). Some of its genera of intestinal pathogens 
may cause food poisoning (Zeitoun, et. al., 1994). S. aureus with large number can cause a 
severe food poisoning especially in poultry products (BAM, 2001; ICMSF, 1986) 

The present study was carried out to evaluate the bacteriological quality and shelf 
life of refrigerated broiler carcasses, representing the five main slaughterhouses sold in 
retail stores in Amman. 
 

MATERIALS AND METHODS 
 
Sampling 

Five of freshly slaughtered, eviscerated and chilled whole broiler carcasses 
(weighing 1.2-1.5 kg each), representing the main five poultry slaughterhouses in Jordan, 
were purchased on weekly base for five weeks. Shortly after batches were received by a 
large grocery store in Amman city, samples were transported to the laboratory in an ice 
box within 2hr for bacteriological analysis. After estimation the initial numbers, broilers 
were packaged in sterilized polyetheline bags and stored immediately in a refrigerator at 
4°C. Bacterial counts were performed at 2 days interval for six days. 
Preparation of samples for analysis 

Using sterilized tweezers, scalpels and boards, meat samples of approximately 50 g 
from five different and roughly distributed internal and external representative locations 
for each broiler carcass were aseptically cut and weighed.  Each meat sample was cut into 
smaller pieces and mixed well. Eleven gram samples were weighed out and placed in 
sterile stomacher bags. Ninety nine ml of 0.1% peptone water was added. Suspensions 
were homogenized by the stomacher for 2 min.  Serial decimal dilutions of up to 10-7 were 
prepared for bacterial analysis. 
Bacterial analysis 

The standard microbiological procedures, techniques and their references used to 
enumerate aerobic plate count (APC), Psychrotrophs, Enterobacteriaceae, lactic acid 
bacteria and S.aureus are listed in Table 1.   Results were expressed as log10 CFU/g poultry 
meat. The following equation (Capita et al., 2001) was used to convert the results from 
log10 CFU/ cm2 skin to log10 CFU/ g poultry meat, wherever it is needed: 

 
Log10 CFU/cm2 skin= log10 CFU/g-0.8171 

 



Bacteriological Quality of Refrigerated Broiler Carcasses of the Five Main Slaughterhouses …. 

J. Saudi Soc. for Food and Nutrition., Vol. 3, No. 1; 2008 

58

Table 1. Techniques*, media and incubation conditions used to evaluate the bacterial 
content of broiler carcasses. 

*pour plate technique used, except for S.aureus spread plate technique was used. 
 
Spoilage observation 

Observation for the initiation of organoleptic spoilage was performed daily by the 
researchers. Spoilage detection level (SDL) was considered as detection of undesirable 
odor, changing of color and slime formation. 
Statistical analysis 
 Data were analyzed using statistical analysis system (SAS, 1987), Analysis of 
variance (ANOVA) with factorial design was applied to determine significant differences 
at (P≤0.05) between the five selected bacterial group's counts (log10 CFU/g poultry meat) 
of the five different brands during the 6 days refrigeration storage as sources of variation. 
Duncan Multiple Range Test using where the averages of the five selected bacterial groups' 
counts (log10 CFU/g poultry meat and storage time were also used as sources of variation. 
 

RESULTS AND DISCUSSION 
 
Bacteriological content of broiler carcasses 

The bacteriological contents of aerobic plate count (APC), psychrotrophs (P), 
Enterobacteriaceae (ENT), lactic acid bacteria (LAB) and Staphylococcus aureus of 
broiler carcasses representing the five main slaughterhouses in Amman are presented in 
Table 2. The grand averages and ranges expressed as log10 CFU/g meat of the initial 
counts, immediately after samples were collected  are 5.5 (range 4.9-6.6) (APC); 4.6 (range 
4.1-5.0) (P); 4.3 (range 3.8-4.7) (ENT); 3.8 (range 3.4-4.0) LAB; and 3.1 (range 2.6-4.0) S.
aureus. A gradual increase in the initial average counts during the 6 days refrigeration 
storage reaching a final average counts, in descending order, of 8.2 (P); 5.7 (ENT); 7.3 
(APC); S. aureus 4.1; and 4.6 (LAB), with generation times, in days, of 0.5, 1.3 ,1.7, 1.8, 
and 2.3, respectively. The correlation coefficient (Table 3) was positive for all bacterial 
groups (ranged between 0.78-1.00). It was found that as the numbers of spoilage bacterial 
groups (APC and psychrotrophs) increased to exceed 7.0 and 8.0 logs and the onset of 
organoleptic spoilage was apparent. 

Bacterial Groups Media (Oxoid Ltd.) Incubation References 
Aerobic plate count (APC) Plate count agar 35°C/ 48h APHA,1992 

Psychrotrophs Plate count agar  7°C/10 d APHA,1992 
Enterobacteriaceae Violet Red Bile Glucose Agar 35°C/22h  Mossel et al., 1995; 

Szabo, 1997 
Lactic acid bacteria 

(LAB) 
De Man Rogosa Sharpe Agar 35°C/48 h DeMan et al.,1960; 

BAM, 2001 
S. aureus Baired –Parker Agar With Egg 

Yolk Emulsion Supplement 
35°C/32h Mossel et al., 1995; 

BAM, 2001 
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Table 2. Average of bacterial counts (log10/g meat) of five brands of broiler carcasses 
stored in a refrigerator at (~4°C) for 6 days. 

Brand Microorganism Day
A B C D E Average G.T. 

0 54.9 16.6 235.4 25.5 2345.1 5.5b -- 
2 5.8 7.8* 6.3 6.5 6.0 6.5ab 0.60 
4 6.3 8.6 6.9 7.0* 6.6 7.1a 1.00 

Aerobic Plate 
Count 

6 346.6* 18.9 27.3* 237.3* 2346.9* 7.3a 3.00 
0 344.1 15.0 124.7 1234.6 12344.5 4.6d -- 
2 5.6 6.4 6.0 6.1 6.0 6.0c 0.43 
4 6.4 7.9 6.9 7.2 7.2 7.1b 0.55 

Psychrotrophs 

6 347.5 19.1 238.0 2347.9 28.3 8.2a 0.55 
0 43.8 14.7 124.6 1234.4 2344.2 4.3c -- 
2 4.5 5.4 5.1 4.9 4.7 4.9b 1.00 
4 4.8 5.9 5.5 5.4 5.1 5.3ab 1.50 

Enterobacteriaceae

6 45.1 16.4 25.8 235.8 2345.6 5.7a 1.50 
0 343.4 14.0 123.9 12343.7 1233.8 3.8b -- 
2 3.3 3.9 3.9 3.7 3.6 3.7b 0.00 
4 3.7 4.4 4.2 4.2 3.7 4.0b 2.01 

Lactic Acid 
Bacteria 

6 344.2 14.8 124.7 1234.7 12344.5 4.6a 1.00 
0 2342.6 14.0 23.0 232.9 2342.9 3.1b -- 
2 2.8 4.4 3.3 3.2 3.2 3.4ab 2.01 
4 3.1 5.0 3.6 3.6 3.6 3.8ab 1.50 S. aureus 
6 43.4 15.3 24.0 234.0 2343.8 4.1a 2.01 

Apparent organoleptic spoilage after 6 days.*
G.T. Generation time (day) 
(abcd) Means in the same column, with different subscripts are significantly (P≤0.05)
different. 
(1234) Means in the same raw, with different numbers are significantly (P≤0.05) different. 
 
Table 3.  Correlation analysis (Pearson correlation coefficients ranges between -1 and 

+1) of the grand average counts (Log10/ g meat) of five bacterial groups of the 
five brand carcasses, stored under refrigeration at 40C for 6 days. 

Microorganism APC Psychrotrophs Enterob. LAB S. aureus 
Aerobic Plate Count 1.00 0.98 0.98 0.89 0.96 
Psychrotrophs 0.98 1.00 1.00 0.88 0.99 
Enterobacteriaceae 0.98 1.00 1.00 0.89 1.00 
Lactic Acid Bacteria 0.78 0.88 0.89 1.00 0.91 
S. aureus 0.96 0.99 1.00 0.91 1.00 
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Al-Mohizea et al. (1994) in their study in Saudi Arabia reported that the averages 
of APC in 21 poultry meat samples were 5.5 logs /cm2 (range between 3.8-5.6 logs). The 
average APC in broiler meat reported in a study in Kuwait was 6.6 logs CFU/g (Abu-
Ruwaida et al., 1994) and in Tunnis was 6.1 logs CFU/g (Fliss et al., 1991). The results of 
the last two studies were significantly exceeded the counts of this study as well as the 
studies conducted in Spain (Capita et al., 2002 and Mead, G., 1976), where the APC 
ranged between log10 4.4-5.3 CFU/g broiler meat. 

Psychrotrophs counts of all broiler samples increased significantly with 3.6 log 
differences between the initial and the final counts during 6 days refrigeration storage. 
After the 6 days refrigeration storage the average reached log10 8.3 CFU/g, a level 
exceeded the spoilage criteria numbers. Psychrotrophs survive processing may multiply 
during cold storage and cause spoilage of fresh poultry carcasses (Hinton et al., 2004). 

The result in Table 1 shows that the relative increase in final (APC) and (P) counts 
in poultry meat during cold storage is proportional to their initial numbers (as it is shown in 
brand A and brand B). The required time to reach the detectable organoleptic spoilage and 
to reach the APC or psychotropic level of spoilage >7.0 log10 CFU/g was found to be 
shorter. Samples of brand A show the lowest initial and final counts of APC, thus showed 
the longest period (after 6 days) for the onset of spoilage and the opposite is true for brand 
B (the onset of their broiler spoilage was after 2 days) (Fig. 1).  Barnes (1976) stated in a 
previous study that the higher the initial counts of APC and psychrotrophs on the carcass 
surface at the end of poultry meat processing, the shorter the shelf life of the product. The 
criteria of the spoilage properties are off odor, discoloration and slime formation of the 
carcasses. 

The result of this study showed lower psychrotrophic counts than what was 
reported by Capita et al. (2001) and Al-Mohizea et al. (1994). On the other hand, the 
(ENT) count was significantly higher (log10 2.6-3.5 than that of Capita et al. (2002) and 
slightly lower S. aureus count than that found by Capita et al. (2001) (log10 3.67/g) and 
Abu-Ruwaida et al. (1994) (log10 4.1/g). The relatively shorter generation time of (ENT) 
found in this study may be behind the ability of some genera or species of this family to 
grow at low temperatures. 

The variation among the 5 bacterial groups of APC, psychrotrophs, 
Enterobacteriaceae, LAB and S. aureus of the five brands processed in different 
slaughterhouses in Jordan, was probably due to the differences in the sources, number and 
types of microbial contamination during processing and handling. In addition, sampling 
time can also affect the levels of microorganisms recovered from broiler carcasses of 
slaughter plants (White et al., 2004). 
 

CONCLUSION 
The results of this study show that, except for the broilers of slaughterhouse No. A, both 
the initial and final (after 6d) bacterial content of carcasses from other four slaughterhouses 
were higher than the standards recommended by several agencies.  More effective 
sanitation practices during poultry processing and handling before marketing are needed. 
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Figure 1 . Aerobic  plate count  (APC) ( log cfu/ gm) of brands A& B of poultry  carcasses 
 (average of 5 weekly experiments) during 6 days refrigeration storage. 
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Abstract: A natural product propolis is commonly used as a folk remedy. It contains various chemical 
components and exhibits a broad spectrum of biological activities, including antibacterial, anticancer and 
antioxidant activities. Anthracyclines, potent anticancer drugs, are effectives against a wide range of human 
neoplasms but their use has been limited by their toxicity. The precise molecular mechanism of doxorubicin 
induced cardiotoxicity is still not well understood but it has been suggested that mitochondria plays a central 
role in this process by free radical generation. The purpose of this research was to investigate the protective 
mechanisms of propolis extract against doxorubicin (1µM) cardiotoxicity. The antiapoptotic effect of 
propolis extract on myocardic cells in culture treated by anticancer drugs at 20mg/Kg was analysed. Its long 
term oral administration effect at 100 mg/Kg daily for 60 days on rat heart and vascular tissues was also 
evaluated. The in vitro study was carried using culture cells (cardiomyocyts) and heart mitochondria isolated 
from rat. Caspases 3 and 9 activities, glutathione concentration, respiratory control ratio (RCR), superoxide 
radical production and lipid peroxydation were measured. The results revealed the protective effect of 
propolis extract against doxorubicin induced cardiotoxicity. It restored the cardiovascular functions and 
reduced the toxic effect of the drug. Doxorubicin induced apoptosis was corrected entirely. Decrease in lipid 
peroxidation, an increase in glutathione concentration and a restoration of mitochondrial functions and 
potential membrane altered by doxorubicin both in heart and vascular tissues were also noted. The long term 
treatment with propolis extract suggested that Algerian propolis has no side effects and can be used as a 
dietary supplement for cardiovascualr risk prevention. 
 
Key words : Heart, cardiovascular risk, ROS , mitochondria, polyphenols, propolis extract. 

INTRODUCTION 
Doxorubicin is a potent anticancer drug and is effective against a wide range of human 
neoplasms. However, its use has been limited by the development of serious cardiotoxic 
effects. Recently, it had been shown that propolis extract protected in vivo the liver and the 
blood tissues against cyclophosphamid and doxorubicin toxicity. Flavonoids in propolis 
may protect against the oxidative stress induced by chemotherapeutics agents (Lahouel and 
Fillastre, 2004; Lahouel et al., 2004). In addition to ATP synthesis, mitochondria constitute 
the major source of cellular production of reactive oxygen species, and was the subject of 
many studies. These free radicals are implied in much pathology and are responsible in 
particular of the neurodegenerative diseases, atherosclerosis, cardiovascular diseases, aging 
and cancer (Morin et al., 2001b; Marc et al., 2005; Finkel and Holbrook, 2000). 

Several natural products such as flavonoids, terpenoids and steroids draw 
considerable attention, due to their various pharmacological properties including the 
antioxidant and hepatoprotective activity. Antioxidant activities are able to attenuate the 
development of cancer and inflammatory diseases (DeFeudis et al., 2003; Banskota et al., 
2000). Considerable interest in these compounds extracted from propolis has arisen with 
the recognition for their antibacterial and antioxidant effects (Lemasters and Hackenbrock, 
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1976; Park et al., 2000). Propolis is a resinous substance collected by honeybees from 
various plant sources. It is extensively used in food and beverages to improve health and 
protect against diseases such as heart disease, diabetes, and cancer. The most important 
pharmacologically active constituents in propolis are flavanoids (flavones, flavonols, 
flavonones), phenolics, and aromatics. Flavanoids are thought to account for much of the 
biological activity in propolis. Studies on animals or cultured human cell lines have 
demonstrated antioxidant properties and a favourable role in the prevention of 
cardiovascular diseases and on other CVD risk factors (Kris-Etherton et al., 2002; Scalbert 
et al., 2005;  Zern and Fernandez, 2005). Mitochondrial target was proposed to explain the 
protecting effect of polyphenols (Morin et al., 2001; Horakova et al., 2001; Brooks et al., 
2002). Some polyphenols with antioxidant and free radical scavenging properties were 
shown to inhibit also lipid peroxidation (resveratrol, propolis, Ginkgo biloba) (Lemasters 
and Hackenbrock, 1976; Shen and Zhou, 1995; Santos et al., 1998; Zini et al., 1999). 

In this study, the effect of propolis extract on heart mitochondrial function and 
whether propolis flavonoids can protect cardiac cells against chemotherapeutic drugs 
toxicity was investigated by using rat heart mitochondria. The scavenging ability and the 
effects on mitochondrial swelling, superoxide radical production, lipid peroxydation and 
on oxidative phosphorylation in vivo and in vitro were evaluated at different concentrations 
of propolis. 
 

MATERIALS AND METHODS 
Materials 

Sucrose, EGTA, rotenone, malonate, antimycin A, oligomycin, succinate, malate, 
glutamate, NADH, ADP, were purchased from Sigma (Sigma Chem. Co., St. Louis, Mo., 
USA). KCl, MgCl2 and KCN were obtained from Prolabo. Tris base and KH2PO4 were 
purchased from Sigma. All drugs were solubilized in distilled water in order to obtain a 
stock solution 10-3 M. N,N,N’,N’-tetramethyl-p-phenylenediamine and oligomycin were 
solubilized in DMF (dimethylformamide). All the controls were carried out using the same 
mixture. The propolis extract solubilized in ethanol/water is added at different final 
concentrations, between 10-3g/l to 10-9g/l. 
Propolis extract preparation 

Propolis extract was separated using ethanol and methanol. The propolis (from 
Jijel, Algeria), was cut into small pieces; dipped in alcohol 95° for 15 days, filtered and 
evaporated 80°C using a rotary  evaporator (Evaporator E100). The residue was further 
treated using methanol 70% retracted overnight. After evaporation of the solvent, the 
produced extract was called; raw extract or propolis extract. 
Differential assessment of flavonoids 

Flavonoids content was determined by reactivity with AlCl 3 method as described 
by Boharun et al. (1996). In ethanolic solution 2%, the aluminium chloride forms a 
complex with the compounds flavonic that can be stable (Carbonyl in 4, OH in 5 and/or 3), 
or unstable (2 free OH in ortho position). 
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Animals:  Female Wistar rats were purchased from Pasteur institute, Algiers. The animals 
were maintained at 22°C during the experimental period. They have free access to food 
and water. Animals were divided into three groups: the first group was pretreated with 
propolis extract, the second was treated with doxorubicin, and control group received 
saline solution 0.9% (n=8 in each group). Pretreated rats received an oral administration of 
propolis extract (100 mg/kg/day) for four days before the intravenous injection of 
doxorubicin at 20 mg/Kg and were sacrificed after 24h. Likewise, rats received intravenous 
injection of doxorubicin or saline solution 0.9% (control group). To assess the long term 
effect and side effects of propolis extract, a group of 10 rats received an oral administration 
of propolis extract (100 mg/kg/day) for 60 days. 

The study was divided into three sections; the first one was the evaluation of the 
antioxidant effect of propolis extract on heart mitochondria in vitro in which tested 
molecule was in direct contact with mitochondria isolated from rat heart cells, the second 
one was the determination of the antiapoptotic capacity of propolis extract on cells in 
culture of rabbits and the last one was the long term effect of propolis extract occurring by 
its administration to rats. 
Cell cultures 

Cardiomyocyts were isolated from heart of untreated rabbit and cultured in medium 
without serum supplemented with DMEM 30ml, Kanamycine 300µl, Ampicilline 150µl, L 
Glutamine 15µl. Cultures were maintained in a humidified incubator at 37°C in 5% 
CO2/95% air for 8 hours with or without doxorubicin 1µM and propolis extract at 
concentrations that ranged between 0,1mg/ml to 1mg/ml association. 
Mitochondrial isolation and protein determination 
 Mitochondria were extracted from a homogenate of rat heart by differential 
centrifugations (Rustin et al., 1994). Briefly, rats (male Wistar, weighing 280-300 g) were 
killed by decapitation and the heart was removed and placed quickly in an ice-bath. The 
heart was then homogenized (6 ml / g of tissue) in ice-cold isolation medium (Mannitol 
225 mM, Sucrose 75 mM,  Hepes 5 mM, EGTA 1 mM and albumin 1 mg/ml, pH 7.4 at 
37°C) using a Potter-Elvejhem homogenizer. Mitochondria isolation was performed at 4°C 
without delay using differential centrifugations. The homogenate was centrifuged at 2000 g 
for 10 min to remove cell debris and nuclei, then mitochondria were separated from the 
supernatant by centrifugation at 12000 g for 5 min. The pellet (mitochondria) was washed 
and resuspended in a respiratory buffer (KH2PO4 1mM, Sucrose 50 mM, KCl 100 mM, pH 
7.4 at 37°C) for measuring mitochondrial enzymatic and respiratory activities. Protein 
concentration of the mitochondrial suspension was determined by the method of 
turbimetry. 
Mitochondrial oxygen consumption assay 

Oxygen uptake was determined with a Clark-type microelectrode (Hansatech). 
Each experiment was carried out as follows: an aliquot of mitochondria suspension 
equivalent to 1mg/ml were incubated with (or without) the tested drug for 1 min at 37°C in 
1000 µl of the respiratory buffer with or without the inhibitors (rotenone, malonate, 
antimycin A and oligomycin inhibitors of complex I, II, III and V respectively). Then the 
substrate (Pyruvate/malate 6mM) was added and oxygen consumption was checked (State 
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2). To initiate state 3 respiratory activity, 200 µM ADP was added to the cuvette. When all 
ADP was converted to ATP, the state 4 was measured. The following parameters were 
determined: the respiratory rates calculated as nanomoles of O2 per min. and per mg of 
mitochondrial protein and respiratory control ratio (RCR) expressed as the ratio of state 3/ 
state 4 oxygen consumption. 
Mitochondrial Superoxide anion (O2

.-) assay 
The generation of superoxide anion was achieved by measuring the reduction of 

nitroblue tetrazolium NBT in monoformazan that absorbed in 560nm (Ancerewicz et al., 
1998).Generation of O2

.- was achieved using rat heart mitochondria. Reaction mixture 
contained mitochondria (0.2 mg/ml), 1µM CsA (cyclosporine A) and nitroblue tetrazolium 
(NBT, 100 µM) in 1.2 ml of respiration buffer at 37°C. The reaction was started by adding 
malate/pyruvate (6 mM) in the assay cuvette and the rate of NBT reduction was measured 
at 560 nm. In absence of mitochondrial substrate (malate/pyruvate), there was no O2

.- 
production. 
Free radical scavenging assay 

The scavenging ability of propolis extract was determined using diphenyl-2-picryl-
hydrazyl stable free radical (DPPH) as previously reported (Ancerewicz et al., 1998). 
Tested compounds were added to an ethanol solution of DPPH 100 µM and the decrease in 
absorbance was recorded against time at 515 nm in a Hitachi U-3000 spectrophotometer. 
The curves allowed an estimation of the effective concentration of the compound tested 
producing a 50 % decrease in DPPH concentration at steady state (IC50). 
Cytosolic caspases 3 and 9 activities Measurement 

The activity of caspases 3 and 9 were determined by measurement of 
bioluminescence in the cytosolic supernatant using an AutoLumat LB953 luminescence 
photometer (Perkin Elmer Life Sciences, Wilbad, Germany) at the excitation and emission 
wavelengths of 503 and 527 nm. The substrates of the caspases 3 and 9 (N-acetyl-Asp-
Glu-Val-Asp-7-amino-4-trifluoromethylcoumarine (Ac-DEVD-AFC) and N-acetyl-Leu-
Glu-His-Asp-7-amino-4-trifluoromethylcoumarine (Ac-LEHD-AFC) respectively) are split 
in presence of their caspase and free a fluorescent molecule at 505 nm, the 7-amino-4-
trifluoromethylcoumarine (AFC). Determination of the caspases activities is achieved in 
96-well plates in a final volume of 100 µl.  30 µg of cytosolic proteins are introduced in the 
medium (Hepes 30 mM, EDTA 0.3 mM, NaCl 100 mM, DTT 10 mM). The activity was 
started by the addition of 200 µM of substrate. 
 Non specific caspases activity was measured in parallel experiments in the presence 
of substrate alone. Mediums were incubated at 37°C for 2 hours and then the fluorescence 
was measured. The enzymatic activities of caspases are reported in nmoles per mg proteins 
per hour (nmol/h/mg). They are deduced from a range of AFC (0 to 50 µM), which was 
prepared with the same conditions as assay did. 
Mitochondrial swelling measurement 

Changes in the status of mitochondrial permeability transition were assessed 
spectrophotometrically as described previously (Ligeret et al., 2004). Mitochondrial 
swelling was assessed by measuring the change in absorbance of the suspension at 540 nm 
(A540) using a Hitashi model UV-3000 spectrophotometer. Mitochondria (1 mg/ml) were 
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incubated in a total volume of 1.8 ml of buffer (KH2PO4 1mM, Sucrose 50 mM, KCl 100 
mM, pH 7.4 at 37°C) in the presence of malate/pyruvate 6 mM at 37 °C. 100 µM CaCl2
were added to induce Swelling by action on permeability transition pore before addition of 
increasing concentrations of the propolis extract. 
Mitochondrial lipid peroxidation assessment 

Lipid peroxidation was assessed as the generation of thiobarbituric acid-reactive 
substances (TBARS) according to (Okhawa et al., 1979). Liver mitochondria were 
suspended in NaCl 0.9% (0.2mg/ml) and incubated in a total volume of 1 ml in the 
presence of FeCl2 / FeCl3 for 30min at 37°C. After addition of 1 ml trichloroacetic acid 
(3%), all tubes were centrifuged at 20°C for 15 min at 3000 rpm and 1ml of each 
supernatant was added to 1ml of thiobarbituric acid (TBA 1%) and incubated for 30 min at 
95°C. After recoiling on ice, the generation of TBARS was determined by measuring the 
absorbance at 530 nm. Results were expressed as µM MDA / mg of mitochondrial 
membrane proteins. 
Measurement of hepatic glutathione 

Cellular glutathione content was measured as described previously by Ellman 
(Ellman, 1959). One gm of liver was homogenized in 3 volumes of trichloroacetic acid 
(TCA) 5% together with a homogenized of DOUNCE. Homogenized and centrifuged at 
2000 rpm/min. Then, 50 µl of the remaining were diluted in 10 ml phosphate buffer 0.1 M, 
pH 8. Consequently, were added 20 µl of DTNB (dithiobis nitro-benzoic acid) 0.01M to 3 
ml of dilution mixture. The measurement of the optic density was performed at 412 nm 
against a control prepared in the same conditions using TCA 5%. The concentrations are 
expressed in mmoles of glutathione/g of liver. They are deducted from a range of 
glutathione, which was prepared with the same conditions as dosage did. 
Statistical analysis 

Data are presented as the mean±SEM for the indicated number of separate 
experiments. Statistical analysis of data was performed with one-way analysis of variance 
(ANOVA) followed by a t-test and P-values less than 0.05 were considered significant. 
 

RESULTS 
Antioxidant effects of flavonoids 

Flavonoids displayed various bioactivities, especially significant antioxidant 
activities, such as an inhibitory effect on lipid peroxidation in rat heart mitochondria and a 
radical scavenging effect on 1, 1-diphenyl-2-picrylhydrazyl (DPPH). The scavenging 
activity of propolis extract was observed at 10-4 g/l showing it to be more than ten times 
stronger than that of the positive control, vitamin E (Fig. 1). One of the prominent 
properties of the flavonoids is their excellent radical scavenging ability. Differential 
assessment of flavonoids shows that propolis extract is a very rich source of flavonoids 
(360 mg/ml). 

In order to evaluate the antioxidant effect of flavonoids on heart mitochondria, 
superoxide anion production was measured in vitro on isolated heart mitochondria. To 
verify the effect of active components of propolis in vivo, the propolis extract mixture 
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treatment effect on superoxide anion production was compared. Figure 2 shows that 
flavonoids reduced the superoxide anion production at concentrations ranging between 10-4 
and 10-8 g/l in vitro either on mitochondria incubated with doxorubicin 1uM or control. In 
Vivo, propolis extract (100 mg/kg) given by oral administration daily for 5 days, starting 
four days prior to the administration of doxorubicin 20mg/kg significantly reduced the 
mitochondrial production of superoxide anion (p<0.01) as shown in Fig. 3. Results 
obtained revealed very interesting activity of propolis flavonoids as antioxidant molecules 
on the production of superoxyde anion and thereafter the attenuation of oxidative stress. 
 

Propolis extract showed also, a strong effect on lipid peroxidation of heart 
mitochondrial as shown in Fig. 4. In vivo, a significant reduction of malonedialdehyde 
(MDA) concentrations in heart cells of animals pre-treated with 100 mg/kg propolis extract 
daily for five days prior to doxorubicin 20mg/kg IV injection was observed. Percentages 
reduction of lipid peroxidation were 66% and 45% after administration of propolis extract 
for 60 days and association of this one with doxorubicin, respectively, as compared with 
the group treated with doxorubicin alone. However, an increase of glutathione was 
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Figure 1. Free radical- scavenging activity of propolis at 10-4 g/l, quercetine and vitamin E at 
10-4 M. Tested compounds were added to an ethanolic solution of DPPH (100 µM) and 
the decrease in absorbance was recorded against time at 515 nm. The propolis extract 
exhibits the greatest scavenger activity in comparison with quercetine and vit E 
considered as strong scavenging flavonoids.  
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observed in the group of rats receiving the extract of propolis, as compared with controls, 
while the rats treated by doxorubicin only showed a decrease of 60% in glutathione levels 
(p<0.001) (Fig. 5). 

Figure 2. Effect of doxorubicin (1 µg/kg) and different concentrations (ranged beetwen 10-4 and 
10-8 g/l) of propolis extract (prop) on mitochondrial production of super oxide anion in vitro. 
Control represents the non treated mitochondria. Heart mitochondria (0.2mg/ml) were 
incubated for 1 min in 1.2 ml respiration buffer supplemented with 2µM rotenone, 1 µM
cyclosporine A (CsA), and 100µM nitroblue tetrazolium. CsA was added to inhibit 
mitochondrial swelling, which slightly interfered with mitochondrial swelling. The 
production of superoxide was initiated by the addition of 6 mM succinate. Superoxide anion 
production is inversely correlated with the absorbance; doxorubicin at 1µM induced a robust 
production however propolis extract at 10 -4 g/l reduced it. The figure show representative 
results from (08) independent experiments. 
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Figure 3. Effect of doxorubicin (20mg/kg) and propolis extract on mitochondrial superoxide anion 
production in vivo. Tested molecules are administered to rats and the rate of superoxide anion 
production was achieved after two months (60 days). 
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Figure 4. Effects of long term administration of propolis extract (100 mg/kg/day) alone, 
doxorubicin alone at 20mg/Kg or in association with propolis on heart mitochondrial lipid 
peroxidation induced by doxorubicin 20mg/kg. Heart mitochondria (0.2mg/ml) were suspended in 
NaCl 0.9% and incubated in a total volume of 1 ml in the presence of FeCl2 / FeCl3. Generation of 
TBARS was determined by measuring the absorbance at 530 nm. The data represent the means ± 
SEM of (10) rats.  ***p<0.001 vs. control; ### p<0.001 vs. doxorubicin treated group.  
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Figure 5.  Effects of long term administration of propolis extract (100 mg/kg/day) alone and of 
doxorubicin (20 mg/kg) alone or in association with propolis extract (100 mg/kg for 5 days) on 
heart cytosolic glutathione levels (µg/g protein)  ***p<0.001. 

 
The effect of propolis extract (flavonoids) on mitochondrial functions 

Published data on the effect of flavonoids on heart mitochondrial respiratory 
functions are limited. Consequently different types of flavonoids like, quercetin, 
kaempferol and propolis extract were studied to elucidate this effect on isolated heart 
mitochondria. In vivo protective effect of propolis extract on doxorubicin cardiotoxicity 
was also investigated. 20 mg/kg doxorubicin increased the oxygen consumption (state3) 
and the inhibition of state 4, causing a decrease of respiratory chain ratio (RCR= V3/V4) 
and decrease of P/O also (Figures 6a and 6b). Propolis extract inhibits the effect of 
doxorubicin showing a restoration of RCR and PO in vitro and in vivo. Additional propolis 
extract to a mixture of rat heart mitochondria with 25µM calcium, inhibits slightly the rate 
and the amplitude of mitochondrial swelling at 10-5 and 10-6 g/l concentrations as shown in 
Fig. 7. The process was affected by the doxorubicin addition to the medium at a 
concentration of 1µM. 

Modification of the caspases activities is a signal of apoptotic process. Doxorubicin 
1%M induced apopotosis of cardiomyocyts in culture as shown by the activation of 
caspases 9 and 3. However the propolis extract seems to play an antiapoptotic role by the 
inhibition of the enzymes induced by doxorubicin 1µM as shown in Fig. 8. 
 

***
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Figure 6a. Effect of doxorubicin (20mg/kg) and the propolis extract on the mitochondrial   
respiratory function and the respiratory control (CR= V3/V4); V3 and V4 are the 
respiratory rate of states 3 and 4 respectively.  State 3 respiration was initiated by the 
addition of 200 µM ADP when all ADP was converted to ATP.  The values are mean ± 
SEM of three experiments for each animal (n=10)  ***p<0.001. 
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Figure 6b. Effect of doxorubicin administration alone or in association with propolis extract on 
the P/O ratio (ratio between ADP and oxygen levels)  **p<0.001. 
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Figure 7. Effect of doxorubicin and propolis extract on mitochondrial swelling. 
Mitochondrial swelling was monitored as described in Materials and Methods. 
Control mitochondria (a) in the presence of CaCl2,  (b) and (c) represent swelling of 
mitochondria isolated from rats treated with propolis + doxorubicin and doxorubicin 
only successively. Mitochondrial swelling corresponds to the progressive diminution 
of the absorbance at 540 nm. Diminution of absorbance after treatment with propolis 
in comparison with doxorubicin is explained by the inhibition of permeability 
transition pore. 
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Figure 8. Effect of doxorubicin and the propolis extract (10-3 to 10-9 g/l) on caspases 3 and 
9 activities of rabbit cardiomyocyts in culture.  ***p<0.001 

 

DISCUSSION 
Oxidative stress and mitochondrial disfunction are associated with disease and toxic 
process. It results from overproduction of reactive oxygen species (ROS), often leading to 
peroxidation of membrane phospholipids and production of reactive aldehydes (Korshunov  
et al., 1997; de Groot and Rauen, 1998; Sastre et al., 2000; Horakova et al., 2001). On the 
other hand, considerable interest in the flavonoids present in plants and propolis has arisen 
with the recognition for their antioxidant effects (Kubota et al., 2004; Stoclet et al., 2004; 
Mishima et al., 2005). In recent years, the biological and pharmacological properties of 
propolis have received great attention in the scientific community. This is mainly stemmed 
from the focus that propolis could exhibit a broad spectrum of biological activities, for 
instance, antibacterial, anti-viral, anti-inflammatory, anti-carcinogenic and antioxidant 
activities (Liu et al., 2004). 

The present study is an investigation of the effects of flavonoids extracted from 
propolis (from the East of Algeria, Jijel) during a treatment of female Wistar rat by a single 
dose of 20mg/kg doxorubicin and the assessment of the protective mechanism against the 
doxorubicin cardiotoxicity. The study is carried in vivo, in vitro using heart mitochondria 
isolated from rat and on cells in culture isolated from rabbits for the antiapoptotic effect. It 
was found that doxorubicin altered heart mitochondrial functions as proved by the decrease 
in respiratory control value and the activation of swelling. An overproduction of 
superoxide anion and of lipid peroxidation were also observed. Obtained data showed a 
restoration of mitochondrial functions and also a protective effect of polyphenols against 
the stress induced by the chemotherapeutic agent. Indeed, flavonoids of propolis extract 

***
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clearly reduced the toxic effect of the drug and the oxidative stress observed was corrected 
entirely. Similarly a decrease in lipid peroxidation, an increase in glutathione concentration 
and a restoration of mitochondrial functions altered by doxorubicin were observed. 

The chemical profiles analysis indicated that the nature of the compounds of the 
propolis extracts is about flavonoids of type flavones and flavonols (Lemasters and 
Hackenbrock, 1976). These last molecules have the capacity to capture and to deactivate 
the free radicals (Lemasters and Hackenbrock 1976; Korshunov et al., 1997). They act by 
inhibition of the interaction between free radicals and DNA, by the activation of the 
detoxication-system and by the protection of the lipidperoxidation and also the protection 
of cellular membranes (Hanasaki et al., 1994; Moreno et al., 1998; Horakova et al., 2001). 

Numerous studies showed that the antineoplasic drugs induced some 
transformations in the liver by the system of cytochrome P450. These transformations lead 
to the formation of highly toxic reactive metabolites for the cell (Grattagliano et al., 2002). 
Inner mitochondrial membrane is considered as targets of toxic process during 
chemotherapy, leading to ROS production (Lemasters and Hackenbrock, 1976; Morin et 
al., 2001a). The toxicity is a function of the quantity of free radicals formed and of the 
capacity of detoxification systems such as glutathione reserve and the available gluthation-
s-transférases. 

Treatment of Wistar rats with a single dose of 20mg/kg/IV doxorubicin leads to 
some effects in the heart mitochondrial functions especially an increase in MDA and 
superoxide anion production and decrease of respiratory control rate (RCR). Doxorubicin 
has a moderate effect on the hepatic functions. In the group of animals receiving 100mg/kg 
during five days before the treatment with 20mg/kg doxorubicin we observed a restoration 
of the RCR, a decrease of superoxide anion (O2

.-) production and an inhibition of the 
lipoperoxidation. The same effects are observed in vitro on heart mitochondria in the 
presence of increasing concentrations of propolis extract. The results allowed to clarify the 
prevention mechanism of propolis extract against doxorubicin cardiotoxicity. Indeed, 
doxorubicin is metabolized by liver to free radicals intermediates (Grattagliano et al., 
2002) which are responsible for apoptotic process and cell toxicity (Green and Kroemer, 
2004) and that they act on heart mitochondria by increasing O2

.- production, activation of 
membrane lipid peroxidation and therefore the fragilisation of the cell. Besides, propolis 
inhibits superoxide production by heart mitochondria. This effect is observed in vivo in the 
group of rats receiving propolis by oral way before the administration of doxorubicin 
whereas the rate of O2

.- is increased in animals treated by doxorubicin only at 20mg/kg. 
Our results confirm the anti-oxidizer role of the flavonoids (Moreno et al., 1998; Harborne 
and Williams, 2000; Fadillioglu et al., 2004). These last have the capacity to capture and to 
deactivate the free radicals (Moreno et al., 1998; Cotelle, 2001; Ichikawa et al., 2002; Silva 
et al., 2002). 

A semiquinone radical is formed during the liver doxorubicin metabolism (de 
Matteis., 1994). We think that the mechanism of action of the propolis is similar in part to 
trans-resveratrol. Indeed, the propolis flavonoids and trans-resveratrol, inhibits the O2

.- 
production in the cardiac and nervous cells respectively (Kamei  et al., 1996; Zini  et al., 
1996). This effect is of the partial inhibition of the complex III and more precisely of 
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decylubiquinon cycle (Degli-Esposti, 1998). The reduction of the O2
.- radical in the heart 

mitochondria can also be explained by the strong scavenger effect of flavonoids as 
observed in study of  Majiene et al. (2006). Corroborant their antiradical properties, the 
flavonoids have direct actions against the radical •OH (hydroxyl) and O2

.- (superoxide 
anion) that are species implied in the starting of lipid peroxidation (Moreno et al., 1998; 
Lahouel et al., 2004). Alternatively, it is also possible as suggested by Koller and Haid 
(2005) that restoration of mitochondrial membrane potential may be a way in the 
prevention of doxorubicin cardiotoxicity. Indeed, we have demonstrated in our study that 
flavonoids of propolis extract are able to restore the fall of membrane potential induced by 
doxorubicin and protect the cell against the apoptosis of the drug. We established also that 
the incubation of rabbit cardiomyocyts with propolis extract 10-4g/l can induce a total 
protection from apoptosis induced by doxorubicin 1uM. The results indicate a significant 
decrease in the caspase 3 and 9 activities. 
 

CONCLUSION 
The obtained results confirmed the role of propolis extract in protecting heart 

tissues from doxorubicin cardiotoxicity by protecting the mitochondria. It is evident from 
the present work that the Algerian propolis is a very interesting and rich product with 
therapeutic potentials. There is sufficient evidence to recommend consuming propolis 
extract rich in bioactive compounds.
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