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ABSTRACT 
 

This study was conducted to evaluate the effect of treated chicken slices with three different 
concentration of honey sample (10, 15 and 20%); all treated samples as well as control were stored at 4oC for 14 
days. Results showed that by increasing honey concentration level in chicken products moisture, protein, fat, 
ash, total volatile basic nitrogen (TVBN), thiobarbituric acid (TBA) value, peroxide value (PV), total viable 
plate count, coliform group count were decreased while the carbohydrates were increased. During storage the 
formation of malonaldehyde, total volatile basic nitrogen (TVBN), peroxide value (PV) was decreased in 
different sample compared to control. Also total viable plate count and coliform group count were lower than 
control sample. 

The differences between organoleptic results revealed that there are no significant between all samples 
in all sensory attributes among the 5 treatments. As expected, sweetness was greater for honey-added samples, 
and the 20% honey-added meat was judged as sweeter than the 10% honey-added meat. The sweetness 
acceptability was the highest in control and the sample with 20% honey had the lowest score in sweetness 
acceptability. 
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Introduction 
 

Food processors are using honey in an ever-increasing array of food products. About 150 million 
pounds of honey per year are used as food ingredients, and small amounts are used in nonfood items such as 
drugs, cosmetics, or pet foods (Snowdon and Oliver, 1995). honey, like antibiotics, has certain organisms 
sensitive to it, and provides alternative therapy against certain bacteria and is also known to have antimicrobial 
action against a broad spectrum of bacteria (Mittal et al., 2012).. Sweetness, functional advantages, and nutritive 
value are a few of the reasons honey is a valuable food ingredient. Some of the functional advantages 
contributed by honey include humectancy, viscosity, flavor enhancement, color, hygroscopicity, miscibility, and 
spreadability (LaBell, 1988; Veronique and Sanders, 1988). Although honey is a solution averaging 82.4% 
sugars, it is as sweet as sugar and contains fewer calories. Honey has 304 kcal/100 g, whereas sugar has 400 
kcal/100 g (LaBell, 1988). Fructose and glucose in honey provide quickly digestible energy, and the vitamins 
and minerals present in honey make it attractive as a source of nutrition. The average pH of honey is 3.9, and 
water activity (aw) varies between 0.5 and 0.6. Honey has been used in many applications, including baking, 
confectionery, preserves and syrups, meat, tobacco manufacture, cosmetics, and other minor applications 
(Wilson and Crane, 1976; Tuley, 1989). The acidity of honey is such that it can be incorporated into many food 
products without disturbing the acidity level. 

The cereal and bakery industries are the 2 largest consumers of honey (Snowdon and Oliver, 1995). 
One growing area of honey use is in meats such as ham, bacon, and sausage. Honey enhances meat and spice 
flavor when mixed with the cure that is injected into ham or bacon. 

In sausage mixtures, honey helps in the binding of ingredients, improves texture, and enhances of 
flavor (LaBell,1988). Honey has been used in salt-cured hams or bacons to mask the high saltiness of these 
products and in barbecue and meat sauces to add color and enhance Caramelization (Wilson and Crane, 1976). 
The shelf life of ready-to eat meats is limited primarily by changes in color, bacterial populations, and flavor 
due to oxidation. Honey has been evaluated for use as an antimicrobial against food spoilage and pathogenic 
organisms (Garcia et al., 2001; Taormina et al., 2001; Mothersaw and Jaffer, 2004; Mundo et al., 2004). Honey 
has also been tested in-vitro and in-vivo against pathogens exposed to intestinal environments (Shamala et al., 
2000; Tumkur et al., 2002; Alnaqdy et al., 2005). The bactericidal activity of honey has been categorized as 
either peroxide-related or nonperoxide related. Snow and Manley-Harris (2004) reported that when excess 
catalase was added to New Zealand Manuka honey, nonperoxide bactericidal activity (NPBA) remained. This 
NPBA was lost by raising the pH of the honey to 11 and was not recovered when the pH was returned to 7. 
Weston et al. (2000) had previously determined that phenols in general were not responsible for the NPBA of 
honey. Garcia et al. (2001) found that honey derived from the pollen of rosemary and labiatae plants inhibited 
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Staphylococcus aureus, whereas honey from heather did not, suggesting that plant-specific compounds were, in 
part, responsible for the bactericidal properties of honey. 

Warmed-over flavor in meat is an important problem facing the meat and food industry that limits 
quality and shelf life of the product. Restructured meat items (i.e., structuring individual muscles of lower value 
into formulated products of higher value) provide uniform, portion controlled, and completely edible products 
for the foodservice industry. Processes such as communition and grinding enhance oxidative reactions in meat 
by introducing molecular oxygen and mixing oxidation catalysts with lipids. 

The high content of unsaturated fatty acids and the close proximity of phospholipids to heme proteins 
and nonheme iron cause their rapid oxidation. Turkey is reported to be more susceptible than chicken, pork, 
beef, and mutton to warmed-over flavor (Cross et al., 1987). 

Several studies have examined the quality effects of honey on turkey meat (Antony et al., 2000; 
McKibben and Engeseth, 2002), chicken (Hashim et al., 1999 b, c) and ground beef (Johnston et al., 2005). 
Honey (15% w/w) was reported to retard lipid oxidation in cooked beef patties compared with patties without 
honey; however, addition of 0.25% sodium tripolyphosphate was more effective than honey in slowing 
oxidation in the same study. The TBA values and oxidative stability index decreased with increasing levels of 
dry honey added to raw ground turkey, cooked ground turkey, and cooked meat refrigerated for 48 h (Antony et 
al., 2000). In previous studies, ground meat products were used without the addition of other ingredients and 
without using processes that are associated with commercial products.  

The aim of this study was to evaluate the antioxidant and antimicrobial activities of bee honey. 
Evaluation the inhibition of oxidation and microbial growth in chicken slices with different concentrations of 
honey has been experimented. 
 
Material and methods 

Raw chicken meat samples were purchased from a local market, Cairo, Egypt. 
Microbial media ( MacConkey agar , Mannitol salt agar, Muller Hiton agar (MHA), Nutrient agar, Sabouraud 
dextrose agar (SDA), Sabouraud dextrose broth (SDB), Violet red bile mug agar) 
Methods 
Technological treatments 
 Preparation of chicken slices  

Fresh chicken breast meat was sliced into approximately 2 X 5 cm slices, followed by marinting with 
ingredients (Table 1).The total marinate time used for all treatments was 7 minutes then packaged in 
polyethylene bags and stored at 4oC for three weeks according to Antony et al. (2006). Percentage of each 
ingredient in chicken slices were formulated as shown in table (1): 
 
Table 1. Ingredients (g) in chicken slice formulation 

Ingredients 1s 2s 3s 4s 5s 

Chicken breast meat 100 100 100 100 100 
NaCl1 2.25 2.25 2.25 2.25 2.25 
STPP1 ----- 0.5 ----- ----- ----- 
Water1 22.3 22.3 22.3 22.3 22.3 
Honey1 ---- ---- 10 15 20 

1Added as a percentage of meat weight, STPP= sodium tri poly phosphate,S1= control, S2= sample with sodium tri poly phosphate,  S3= 
sample with 10% honey, S4= sample with 15% honey,  S5= sample with 20% honey 

 
Physico-chemical and technological properties 
 

The color of chicken slices was measured using a spectro-colorimeter ( tristimulus color machine) with 
CIE lab color scale ( Hunter, Lab Scan XE, Reston VA.) calibrated with a white standard tile of Hunter Lab 
color standard (LXNO. 16379): X= 77.26, Y= 81.94 and Z= 88.14 (L =92.71; a= -0.89; b= -0.18). Using 
Hunter-scofield's equation (Hunter, 1975). The Hue angle (t-1

g b/a) and saturation index (√a2+b2) were 
calculated. pH Measurement, Total soluble solids (TSS)according to A.O.A.C (2005). Cooking yield was 
determined according to Ulu (2006). Diameter retention according to Pinero et al., (2008). Shrinkage detemined 
according to Ulu, (2006). Determination of water holding capacity (WHC) according to (Pipek et al ., 1999).   

Proximate chemical analysis (moisture, protein, fat, and ash contents) chicken slices were estimated 
according to A.O.A.C. (2005). While total carbohydrate for chicken slices was calculated by difference. The 
total volatile nitrogen in chicken meat products as described by AOAC (2005). Determination of Thio Bariatric 
acid (TBA) Values were determined according to (Tarladgis et al., 1960). The peroxide value (PV) is the 
number that expresses in milliequivalents of active oxygen representing of peroxide content in 1000 g of the 
substance, as determined by the methods described below. According to Nanjing University of Traditional 
Chinese Medicine “Njutcm” (2005). 
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Microbiological assessment  of chicken samples  
 

Total count of aerobic mesophilic bacteria was enumerated using standard plate count agar according 
to Capita et al., (2002). Isolation of Staphylococcus spp. and E. coli were attempted (Finegold and Martin, 
1982). For counting coliform bacteria according to Bohaychuk et al., (2009). Coliform group including 
Escherichia coli is considered indicator of microbiological quality. On the other hand, mannitol salt agar plates 
were checked after 24-48 h of incubation for detection of Staphylococcus spp. The detection of circular, smooth 
colonies (2-3 mm) were Gram stained and picked up and inoculated in Mannitol salt agar. Collee et al., 1996. 
Non of the developed colonies on macConkey agar had yellow appearance (non lactose ferminter) indicating 
that tested chicken meat sample don’t contain salmonella spp. Collee et al., 1996. Sensory characteristics 
(juiciness, tenderness, odor, sweetness, sweetness acceptability, and flavor acceptability) of chicken meat 
products were evaluated by 10 trained panelist from food technology department, national research centre. The 
samples were sliced and placed on a tray in coded containers. The samples were evaluated at the next day of 
production (Antony et al., 2006). The statistical analyses was carried out using SPSS, PS statistical software 
(version 11.0 SPSS Inc., Chicago,USA).The results were expressed as (mean±SE). Data was analyzed by one 
way analysis of variance (ANOVA). The difference between means was test for significance at (p<0.05) using 
Duncan test (Paura and Arhipova, 2002)  
 
Results and Discussion 
Chicken slices 
Chemical composition of chicken slices   
  
  The chemical composition of chicken slices as affected by addition different levels of bee honey and 
stored for 14 days were determined. Data in Table (1) presented that the control sample has the highest content 
of moisture, protein and ash compared to all samples (72, 24.9 and 3, respectively). By increasing honey 
concentration level moisture, protein, fat and ash content were decreased while the carbohydrates were 
increased. Sample with 20% honey showed the highest content of carbohydrates compared to all samples 
(21.09). During storage there was no noticeable changes in chemical composition. These results are in 
agreement with Antony et al., (2006). 

Table 1. Gross chemical composition% of chicken slices as affected addition different levels of bee honey and stored for 14  days.  
Sample Moisture Protein Fat Ash Carbohydrates* 

W1 W2 W3 W1 W2 W3 W1 W2 W3 W1 W2 W3 W1 W2 W3 
1s 72.0 69.3 69.3 24.9 25.7 24.3 1.0 1.2 1.2 3.0 2.6 3.1 -- -- -- 

2s 70.95 69.50 69.50 23.10 23.93 25.58 1.20 1.30 1.10 2.87 2.37 2.85 -- -- -- 

3s 68.78 67.02 67.02 19.88 19.87 19.90 0.70 1.32 0.90 2.59 2.36 2.57 8.05 9.43 9.61 
4s 65.31 65.77 65.77 17.49 18.26 18.67 0.60 0.80 0.80 2.14 2.26 3.61 14.46 12.91 11.15 
5s 61.17 59.60 59.60 15.25 15.66 17.48 0.40 0.50 0.60 2.09 2.12 2.18 21.09 22.12 20.1 

*Carbohydrates calculated by difference, W1 is for zero time ,W2 is for 7 days,   W3 is for 14 days ,1s= control, 2s= sample with sodium tri 
poly phosphate, 3s= sample with 10% honey, 4s= sample with 15% honey,5s= sample with 20% honey 

Results in Fig. (1) revealed that control sample had the highest values of total acidity during storage 
compared to all sample whereas sample with 20% honey gave the lowest values of acidity during storage 
compared to all sample. 

Results in Fig. (2) showed that by increasing honey concentration a remarkable decrease in the 
formation of TVBN (total volatile basic nitrogen) was observed also, data showed that sample with STPP and 
honey 20% had the lowest values of TVBN during 14 days of storage. On the contrary, control sample recorded 
the highest values of TVBN during storage. 

Physical properties of chicken slices 
 

The pH values of chicken slices samples as affected by addition different levels of bee honey and 
stored for 14 days at 4oC were measured. Data presented in Fig. (3) showed no specific trend in the pH values 
during storage, with time however the control sample showed instability of pH values during storage. These 
results are in accordance with Antony et al., (2006).  
Color 
 Results in Fig. (4) revealed that Honey imparted a dark tint to the chicken meat, which was maintained 
over 14 days of storage. However, during 14 days of storage, all 5 treatments included control increased in L* 
value by 3 to 4 units. Visually, controls appeared paler in color as compared with the honey-containing samples. 
These results are in agreement with Antony et al., (2006).  
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Fig. 1. The changes of Total acidity% of chicken slices as affected by addition different levels of bee honey 
during 14 days of storage at 4oC. 

 

Fig. 2. Total volatile basic nitrogen (TVBN) for chicken slices as affected by addition different levels of bee  
honey during 14  days of storage  at 4oC. 

  

 
Fig. 3. The changes of pH of chicken slices as affected by addition different levels of bee honey and stored at 4oC 

for 14 days of storage. 

 
Results in Fig. (5) showed that increasing honey concentration decreased the samples redness with honey 

treatments. Moreover, During 14 days of storage the redness decreased in all samples. These results are in 
agreement with Antony et al. (2006). 

Fig. (6) showed that increasing honey concentration increase the yellowness in sample containing honey. 
During 14 days of storage there is no significant changes of b* value were detected in all samples. These results 
are in agreement with Antony et al., (2006) 
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Fig. 4. Lightness (L) changes of chicken slices affected by addition different levels of bee honey and stored at 

4oC for 14 days of storage. 
 

 

Fig. 5. Redness (a) changes of chicken slices affected by addition different levels of bee honey and stored at 4oC 
for 14 days of storage. 

 

Fig. 6. Yellowness (b) changes of chicken slices affected by addition different levels of bee honey and stored at 
4oC for 14 days of storage. 
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Cooking yield and cooking loss 

Results in Fig. (7) revealed that increasing the honey concentration increased the cooking yield and 
decreased the cooking loss. Chicken slices with 20% honey had the highest cooking yield followed by chicken 
slices with STPP. moreover the control sample has the lowest cooking yield compared to all investigated 
samples. These results are in agreement with Johnston et al., 2005.  

 

 

 

 

 

 

 

 

Fig. 7. Cooking loss and cooking yield of chicken slices as affected by addition different    levels of bee honey 

Water holding capacity (WHC) 

Fig. (8) showed that raising honey concentration increased WHC for samples treated with honey. 
Chicken slices with 20% honey had the highest WHC followed by chicken slices with STPP however control 
sample had the lowest WHC compared to all samples.  

 

Fig. 8. Water holding capacity percentage (WHC%) of chicken slices as  affected by addition different levels of 
bee honey 

Antioxidant effect of honey in chicken slices 

TBA   

Results in Fig (9) showed that increasing honey concentration almost decreased the formation of TBA 
(Thiobarbituric acid value). Data showed that slices marinated in honey 20% had almost the lowest values of 
TBA at the end of 14 days of storage. Control sample had the highest values of TBA during storage. Sample 
with 15% honey and sample with STPP had the same effect on inhibition the formation of TBA during storage 
period. These results are in agreement with Antony et al., (2000, 2006). 

Results in Fig. (10) showed that sample with 20% honey had almost the highest percentage  inhibition 
oxidation  chicken slices at the end of 14 days of storage compared with all other treatments, this maybe due to 
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the antioxidant activity of honey that contains antioxidant phytochemical such as polyphenols. These results are 
in agreement with Antony et al., (2006). 

 

 

Fig. 9. Thiobarbituric acid value (mg malonaldahyde/1000g sample) of chicken slices as affected by addition 
different levels of bee honey during 14 days of storage at 4oC 

 

 

Fig. 10. The inhibition% of oxidation of chicken  slices during 14  days of storage 

 Peroxide value 

 Data in Fig (11) showed that peroxide values of all investigated samples were increased during 14 days 
of storage. However the control sample showed the highest peroxide value in seven days of storage  decreases in 
the third week. Such decrease could be due to transformation of peroxides to malonaldehydes. Sample with 20% 
honey and sample with STPP had the lowest values of peroxide. These results are in agreement with Antony et 
al., 2000 and Johnston et al., 2005. 

Antimicrobial effect of honey in chicken slices 

 The antimicrobial effect of different honey concentrations against the natural microflora of prepared 
chicken slices was evaluated. Results in table (5) revealed that by increasing honey concentration in chicken 
slices the total viable counts were decreased during as well as the end of storage period. The sample with 20% 
honey showed the best effect on reducing total viable count during storage. These results may be due to honey 
antibacterial effect against bacteria (Antony et al., 2006). 

Table (6) showed the detected organisms. All samples didn’t contain E. coli, Salmonella and 
Staphylococcus aureus but all samples contain coliform group. The incidence of contamination with coliform 
group may be due to the contamination from slaughter washing water. 

Table (7) showed that increasing honey concentration decreased the coliform count moreover, during 
storage sample with 20% honey had the lowest number of coliform group compared to all other samples. Also 
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all samples with honey had a greater antimicrobial effect than samples with STPP. This results due to honey 

antibacterial activity against bacteria. 

 

Fig.11. Peroxide value of chicken slices (milliequivalents of active oxygen/kg) as affected by addition of 
different levels of bee honey at 4 oC for14 days of storage  

Table 5. Total viable plate count (log10 cfu/g sample) of chicken slices with different levels of  honey.  
Sample Storage days 

Zero  3  7  10  14  

s1 6.93 6.95 7.47 7.6 7.94 
s2 6.69 6.69 7.27 7.53 7.92 
s3 7.23 6.6 6.9 7.39 7.62 
s4 6.99 6.85 6.87 7.11 7.67 
s5 7.07 6.41 6.36 6.47 7.5 

 
Table 6. Detection of microorganisms in chicken slices as affected by addition different levels of honey at the beginning of storage 

Sample E. coli Salmonella Staphylococcus aureus Coliform group 
S1 N.D N.D N.D D 
S2 N.D N.D N.D D 
S3 N.D N.D N.D D 
S4 N.D N.D N.D D 
S5 N.D N.D N.D D 

 D= Detected                N.D= Not detected 

Table 7. Total coliform count (log10 cfu/g sample) of chicken  slices as affected by addition different levels of  honey during storage for 14 
days  

Sample Zero time 7 days 14 days 
S1 3.5 4.17 6.41 
S2 3.87 3.87 4.5 
S3 2.44 2.77 4.17 
S4 2.34 2.69 4.07 
S5 2.62 2.69 3.47 

 
Sensory evaluation of chicken slices 

The prepared chicken slices samples in nature and amount of El- honey; Tri poly phosphate were 
conducted to sensory evaluation by ten member reference test panels for scoring juiceness, tenderness, odor, 
sweetness, sweetness acceptability and flavor acceptability for cooked chicken slices. The results mean values 
for perceived scores of differences in chicken slices are shown in Table (8) data revealed that there was no 
significant differences between samples in all sensory attributes among the 5 treatments. As expected, sweetness 
was greater for honey-added samples, and the 20% honey-added meat was judged as sweeter than the 10% 
honey-added meat. The sweetness acceptability was the highest in control whereas the sample with 20% honey 
had the lowest score in sweetness acceptability. 

 
Table 8. Mean values of sensory characteristics of chicken slices as affected by addition different levels of  honey.  

 
Sample 

Juiceness 
(8) 

Tenderness 
(8) 

Odor 
(8) 

Sweetness 
(5) 

sweetness acceptability 
(8) 

flavor acceptability (8) 

1s 6.3a 6.5a 7.2a 3.6a 6.6a 6.4a 
2s 6.3a 6.2a 6.2a 3.3a 6.4ab 6.7a 
3s 6.3a 6.3a 6.6a 3.6a 6ab 6.4a 
4s 6.3a 6.2a 6.9a 3.8a 5.5abc 5.8a 
5s 5.8a 6.1a 6.6a 4.3a 5.1c 5.8a 

*Means with the same superscripts at the same column are not significant at (p<0.05)   



892 
Middle East j. Appl. Sci., 4(4): 884-893, 2014 

Conclusion 

 It was concluded that bee honey can be used as antioxidant and antibacterial agent in food industries. 
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