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 Beef is susceptible to rapid spoilage due to its high amount of protein (18.00%) and 
moisture (72.00%). Food industries have recently found methods to extend beef shelf-life. The 
influence of beef dipping in hydro-alcoholic extract of sumac (SE) and chitosan (CH) coating 
incorporated with Zataria multiflora essential oil (ZEO) on microbial, chemical and sensory 
quality of beef was evaluated during refrigerated storage. Total viable counts (TVC), lactic acid 
bacteria, Pseudomonas spp., Enterobacteriaceae and yeasts-molds, total volatile nitrogen (TVN), 
thiobarbituric acid reactive substance values (TBARS) and peroxide value (PV) were founded to 
be significantly lower in all treatment groups compare to control groups during storage time. 
The highest level of antimicrobial effects induced by chitosan, SE 4.00% and ZEO. We found that 
in TVC (3.69 log CFU g-1 reduction compared with control group (sterile distilled water), 
Enterobacteriaceae (3.61 log CFU g-1 reduction) and lactic acid bacteria (2.67 log CFU g-1 
reduction), respectively. Sumac gave a pleasant effect on sensory attributes and chitosan 
coating enriched with ZEO significantly improved sensory scores except for flavor factor. The 
results revealed the bio preservative properties of chitosan, hydro-alcoholic extract of sumac 
and Z. multiflora Boiss essential oil during refrigeration in normal packaging of beef. 

© 2018 Urmia University. All rights reserved. 
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 داریان و اسانس آویشن شیرازی، بر کیفیت گوشت گاو در طی زمان نگهالکلی سماق در پوشش خوراکی کیتوز-دارندگی عصاره آبیاثرات نگه

 چکیده 

هایی برای افزایش زمان ماندگاری مواد غذایی صنایع غذایی به دنبال یافتن روش باشد. اخیراًمستعد فساد سریع می درصد( 00/72) و رطوبت درصد( 00/18) گوشت قرمز به دلیل میزان بالای پروتئین

داری در یخچال های میکروبی، شیمیایی و حسی بر روی گوشت گاو در زمان نگهالکلی سماق و کیتوزان به تنهایی یا در ترکیب با اسانس آویشن شیرازی بر ویژگی-ی آبیدارندگی عصارهرات نگههستند. اث

پراکسید به شکل  اندیستیوباربیتوریک اسید و  اندیسمیزان نیتروژن تام،  همچونمخمر  -و کپک  کتریاسهانتروبا، سودوموناسهای اسید لاکتیک، مورد بررسی قرار گرفت. شمارش کلی باکتریایی، باکتری

رازی به ترتیب در به میزان کمتری بود. بالاترین اثرات ضدمیکروبی به تیمار کیتوزان، چهار درصد عصاره سماق و اسانس آویشن شی )آب مقطر استریل( در همه تیمارها نسبت به تیمار کنترل دارییمعن

 گردد.لگاریتم باکتریایی( مربوط می 67/2های اسیدلاکتیک )کاهش لگاریتم باکتریایی(، باکتری 61/3)کاهش  انتروباکتریاسهلگاریتم باکتریایی نسبت به تیمار کنترل(،  69/3شمارش کلی باکتریایی )کاهش 

پوشش  یدارندگنگه یهایژگیبدست آمده و جینتا ان به همراه اسانس آویشن شیرازی امتیاز حسی به غیر از فاکتور بو را افزایش داد.عصاره سماق اثر مطلوبی بر خصوصیات حسی گذاشت و پوشش کیتوز

 .دهدینشان م یمعمول یبندگوشت گاو در بسته یداررا در نگه یرازیش شنیسماق و اسانس آو یالکل-یعصاره آب توزان،یک

 ، سماق، کیتوزان، گوشت گاوآویشن شیرازی واژه های کلیدی:
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Introduction 
 

Meat is very susceptible to microbial spoilage and 
chemical oxidation, so it is favorable to use a natural 
preservative with antioxidant and antimicrobial effects. 
The fat content of animal meat makes meat sensitive to 
lipid oxidation and formation of free radical that may 
cause diseases in human.1 Nasar-Abbas and Halkman 
showed that lipid oxidation in meat and meat products can 
be controlled by antioxidants.1 To achieve the best shelf-
life of meat, especially red meat, it is necessary to reduce 
the levels of microbial contamination. The use of synthetic 
chemicals as food preservatives such as sodium benzoate, 
benzoic acid, sodium nitrite, sodium sorbate, potassium 
sorbate and sulphur dioxide have been restricted because 
of their adverse effects on human health.2 The raising 
concerns about the use of chemicals preservative, have 
been change the attitude of food manufacture to replace 
them with natural preservatives. Therefore, natural 
additives such as sumac (SE) extract and Zataria multiflora 
essential oil (ZEO), not only give flavor to foods but they 
also have the advantage of being a natural preservative to 
reduce the pathogenic bacteria and to increase the shelf 
life of processed foods.3,4 

Among the natural antioxidant and antibacterial 
agents, the antibacterial and antioxidant activities of the 
herbal extracts such as thyme, rosemary, garlic, sumac, 
ginger, pepper and mustard have been investigated 
previously.5 Sumac (Rhus coriaria L.) has been shown to 
have antimicrobial effects on foodborne bacteria. 
Antibacterial activity of sumac is mainly attributed to the 
tannins and other compounds.6 The medicinal Zataria 
multiflora Boiss. belongs to the Lamiaceae family which 
extensively grows in tropical regions of Iran, Afghanistan 
and Pakistan.7 Antioxidant and antibacterial activities of 
sumac is correlated to the high level of carvacrol and 
thymol in sumac.8,9 Chitosan as a potentially attractive 
natural food preservative, has antimicrobial effects against 
a widespread range of different pathogenic and spoilage 
organisms in meat and processed meat products.10 

Commercial chitosan is mostly a crab by product and has 
been used as a food preservative.10 Most recently the 
edible chitosan coating has been used to protect the foods 
from microbial and chemical spoiling agents.11 Darmadji 
and Izumimoto have investigated the effects of chitosan on 
shelf life of fresh minced beef patties.11 The aims of the 
current study were to investigate the preservative effects 
of chitosan coating enriched with Z. multiflora Boiss 
essential oil and hydro-alcohol extract of sumac on beef 
during refrigeration in commercial packaging.  
 
Materials and Methods 
 

Preparation of sumac hydro-alcoholic extract. 
Fresh sumac fruits (Rhus coriaria L.) were purchased from 
 
 

 local shops. The sumac fruits were washed, dried and 
powdered. An amount of 700 mL alcohol and 300 ml 
distilled water were added to 250 g of sumac powder. 
The mixture was shaken for 24 hr and incubated for 1 hr 
at 40 ˚C in a water bath. After cooling and filtration using a 
paper filter, the solvent was removed in a rotary 
evaporator (Laborata 4003; Heidolph, Schwabach, 
Germany) and the extract was stored at 4 ˚C until use.1 

Extraction of Z. multiflora Boiss essential oil. The 
Zataria multiflora Boiss that has been collected from the 
central part of Iran was purchased from a local market and 
confirmed by Institute of Medicinal Plants, Urmia, Iran, and 
the plant materials with the voucher number 41754. As 
described previously,12 hydrodistilation of dried parts of 
plant was performed in a Clevenger-type apparatus for 3 
hr. Sodium sulfate anhydrous was used for dehydration of 
the oil, then oil was filtered using 0.22 μm filters and 
stored inside colored glass tubes at 4 ˚C. 

Meat samples. Boneless fresh beef samples (Quadriceps 
femoris) were purchased from a local slaughterhouse and 
refrigerated at 4 ˚C for 1 hr until analysis. 

Preparation of coating solutions and treatment 
groups. To prepare chitosan solution, 2 g of chitosan 
(medium molecular weight, Sigma-Aldrich Chemical Co., 
Steinheim, Germany), was added to 100 mL of distilled 
water, then 1 mL of glacial acetic acid and was slightly 
shaken for 8 hr. Then, glycerol (Merck & Co. Inc., 
Kenilworth, USA) as a plasticizer, was added at 0.75 mL g-1 
concentration and stirred for 10 min. For treatments 
containing ZEO, 1g Tween 80 in 1000 mL (Sigma-Aldrich 
Chemical Co.) was added, to dissolve the essential oil.13,14 
Beef samples were divided into six groups including the 
control (sterile distilled water), CH (chitosan), SE 
2.00%-CH (chitosan), SE 4.00%-CH , SE 2.00%-CH-Z 
1.00% (Z. multiflora essential oil 1.00%), SE 4.00%-CH-Z 
1.00%. Three min after treating the samples were drained, 
aerobically packaged and stored at refrigerator. Chemical, 
microbiological and sensorial assays were carried out to 
assess the total quality of beef samples (amount of each 
samples was related to kind of examination) up to 20 days 
at 5-day intervals. 9 

Microbiological analysis. Ten grams of each sample 
was suspended in 90 mL sterile 0.1 mL peptone water 
(Merck, Darmstadt, Germany) and homogenized using 
stomacher (Lab Blender 400; Seward Medical Ltd., 
London, UK) for 3 min at room temperature. Then, 0.10 
mL of serial dilutions (0.10% peptone water) of beef 
homogenates were transferred to agar plates. 
Pseudomonas spp. were counted on Pseudomonas agar 
supplemented with cephaloridine fucidin cetrimide (CFC; 
Merck) at 25 ˚C for 48 hr. lactobacilli were enumerated on 
De Man, Rogosa and Sharpe agar (MRS; Merck) after 
incubation at 30 ˚C for 48 hr.15 Enterobacteriaceae were 
counted by the pour-overlay method using violet red bile 
glucose (VRBG) agar at 37 ˚C for 24 hr. Yeasts-molds were 
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counted on Rose Bengal Chloramphenicol (RBC, Merck) 
selective agar after incubation at 25 ˚C for 3 to 5 days in 
the dark. Finally, total viable counts (TVC) were 
determined using plate count agar (Merck), after 2 days 
incubation at 30 ˚C.10  

Sensory analysis. The sensory analyses of meat 
samples were carried out by 10 experienced PhD students. 
After preparing the treatments, the samples were 
separately presented to each panelist. Fresh beef was used 
as control. Panelists were asked to evaluate texture, color, 
flavor and odor and provide their overall acceptance score 
on a nine-point Hedonic scale, with nine being so good and 
1 being so poor. 20 At day 0, meat samples were cooked at 
160 ˚C for 15 min and then served.  

Determination of thiobarbituric acid value (TBA). 
Level of lipid oxidation was investigated using thio-
barbituric acid reactive substances (TBARS) method as 
described by Pikul et al.16 Ten grams of each meat samples 
were homogenized using 1 mL butylated hydroxytoluene 
(BHT) and 35 mL trichloroacetic acid (5.00%) in a blender. 
The mixture was filtered using No. 1 filter (Whatman Ltd., 
Maidston, UK). Five mL TBA solution (0.02 M) was added 
to 5 mL of filtrate solution and incubated in a water bath at 
100 ˚C for 60 min to expand the malondialdehyde–TBA 
complex. After cooling, the absorbance of the samples was 
determined at 532 nm wave length.16  

Determination of peroxide value. Another method 
for detection of lipid oxidation was peroxide value 
determination method as described by International Dairy 
Federation (IDF) standard method 74a.17 To determine the 
peroxide value, the meat sample between 0.01 to 0.30 
gram depending on the level of peroxidation was mixed 
with 9.80 mL chloroform-methanol (30.00% - 70.00%) by 
a shaker (BV1000; Benchmark Scientific, Michigan, 
Netherlands). After that 50 µL ammonium thiocyanate 
solution was added. Then, 50 μL iron solution (0.4 g 
barium chloride + 0.5 g iron (II) sulfate + 2 mL HCL + 100 
mL distilled water) was added and mixed. After 5 min 
incubation at room temperature, the absorbance of the 
sample was determined at 500 nm (LKB Novaspec II; 
Pharmacia, Sweden). 

Determination of total volatile nitrogen (TVN). The 
TVN content of the meat samples was investigated using a 
macro Kjeldahl apparatus. Ten grams of each beef samples 
was steam distilled in 300 mL of water containing 3 g 
magnesium oxide (Merck).18 

Determination of pH value. The pH values were 
determined using a digital pH meter (pH-Meter E520, 
Metrohm Herisau, Switzerland). Five grams of each beef 
sample was homogenized in 25 mL of distilled water was 
homogenized for 1 min.19 

Statistical analysis. All experiments were carried 
out in triplicates. Data were analyzed using the SPSS 
statistical package (version 21.0; IBM Corp, Armonk, 
USA). Differences between treatments were tested for 
 

 significance by one-way ANOVA followed by with Tukey’s 
post-test. A statistical difference at p < 0.05 were 
considered significant.  
 
Results 
 

Microbiological analysis. Changes in TVC, Pseudo-
monas spp., lactic acid bacteria (LAB), Enterobacteriaceae 
and yeast-mold populations of meat samples stored at 4 ˚C 
were determined up to 20 days. The antimicrobial activity 
of sumac was decreased with increasing the 
concentrations of sumac extract. The initial TVC of beef 
samples was 4.63 log CFU g-1. A significant decrease in TVC 
was found among treatment groups (p < 0.05; Table 1). 
The initial LAB, Enterobacteriaceae and Pseudomonas spp. 
counts in all samples were in the range of 3.63–3.78, 3.57–
3.80 and 2.69–2.94 log CFU g-1, respectively. Also the initial 
findings for the number of mold and yeast were 2.43–3.09 
and 3.03–3.29 log CFU g-1, respectively.  

The effects of SE and ZEO and chitosan on LAB count is 
presented in Table 1. The initial count for LAB was 3.78 log 
CFU g-1 in the control sample and experienced increasing 
trend to 7.40 log CFU g-1 on final day of storage. At the end 
of storage, LAB counts were reached to 6.15 and 4.73 log 
CFU g-1 in CH and CH-SE 4.00%-Z treated samples, 
respectively. LAB counts were 5.94 log CFU g-1 on day 20 
for CH-SE 2.00% samples.  

The values for viable Enterobacteriaceae count in beef 
samples are shown in Table 1. The initial count for 
Enterobacteriaceae was between 3.57 to 3.8 log CFU g-1 in 
all treatment. In all treatment groups Enterobacteriaceae 
counts were reduced approximately 1.00–3.00 log CFU g-1 
cycles (p < 0.05) compared to the control samples on day 
20, indicating that both extract and EO significantly 
inhibited Enterobacteriaceae after 12 days. The 
Enterobacteriaceae counts in SE treatment group were 
2.15 - 3.61 log CFU g-1 less than control treatment.  

The initial counts for Pseudomonas spp., was 2.69–2.94 
log CFU g-1 in all groups. At the end of storage time, 
Pseudomonas counts reached 5.96, 4.60 and 4.18 log CFU 
g-1 in control, CH-SE 4.00% and CH-SE 4.00%-Z groups, 
respectively. After 12 days, the Pseudomonas count in CH-
SE 4.00%-Z treated sample was 2.29 log CFU g-1 that was 
lower than control sample. Table 1 shows the effect of 
chitosan and SE and ZEO on yeasts-molds count in beef. 
Samples treated in distilled water contained 2.11 log CFU 
g-1 more yeasts-molds counts than CH-SE 4.00%-Z group.  

Changes of pH value. Changes in samples pH values 
during storage under refrigeration condition are shown in 
Figure 1. The initial pH of control group on day 0 was 5.76 
indicating the acceptable conditions offer of beef samples. 
The pH values of all samples were increased during the 
storage period. The samples treated with chitosan, 4.00% 
sumac and ZEO showed significantly lower pH values 
compared with other groups (p < 0.05). 
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Table 1. The changes in total viable counts, lactic acid bacteria, Enterobacteriacea, Pseudomonas and yeasts-molds counts of beef meat 
during storage at 4 ˚C at different time points.  

Parameter Treatment* 
Storage time (day) 

0 4 8 12 16 20 

Total viable counts 

C 4.63 ± 0.07Aab 7.10 ± 0.11Ba 8.26 ± 0.06Ca 8.39 ± 0.07Ca 8.53 ± 0.06Ca 8.95 ± 0.14Da 
CH 4.59 ± 0.09Aa 5.61 ± 0.15Bb 5.90 ± 0.05Bb 6.12 ± 0.01Bb 6.29 ± 0.06Bb 7.01 ± 0.13Cb 
CH-SE 2.00% 4.50 ± 0.08Abc 4.86 ± 0.04Ac 5.26 ± 0.05Bc 5.60 ± 0.03Bc 5.86 ± 0.04Bc 6.38 ± 0.06Cc 
CH-SE 4.00% 4.48 ± 0.03Abc 4.67 ± 0.04Ad 4.92 ± 0.04Ad 5.32 ± 0.04Bd 5.62 ± 0.06Cd 5.91 ± 0.06Cd 
CH-SE 2.00%-Z 4.45 ± 0.06Ac 4.59 ± 0.02Aa 4.76 ± 0.03Aa 4.93 ± 0.03Ae 5.21 ± 0.05Be 5.40 ± 0.06Be 
CH-SE 4.00%-Z 4.50 ± 0.03Abc 4.60 ± 0.02Ae 4.71 ± 0.01Ae 4.85 ± 0.05Ae 5.30 ± 0.06Af 5.26 ± 0.03Bf 

Lactic acid bacteria 

C 3.78 ± 0.01Aa 4.75 ± 0.03Ba 5.40 ± 0.07Ca 5.84 ± 0.02Ca 6.28 ± 0.02Ca 7.40 ± 0.04Da 

CH 3.69 ± 0.01Ab 3.94 ± 0.03Ab 4.40 ± 0.02Bb 4.66 ± 0.02Bb 5.33 ± 0.03Cb 6.15 ± 0.02Db 
CH-SE 2.00% 3.73 ± 0.03Aa 3.81 ± 0.01Ac 4.15 ± 0.03Ac 4.54 ± 0.03Bc 4.85 ± 0.03Bc 5.94 ± 0.05Cc 
CH-SE 4.00% 3.66 ± 0.03Abc 3.76 ± 0.01Ad 3.93 ± 0.02Ad 4.28 ± 0.03Bd 4.60 ± 0.02Bd 5.13 ± 0.02Cd 
CH-SE 2.00%-Z 3.63 ± 0.03Ac 3.72 ± 0.01Ac 3.81 ± 0.00 Ac 3.92 ± 0.10Ac 4.25 ± 0.03Bc 4.87 ± 0.05Bc 
CH-SE 4.00%-Z 3.67 ± 0.01Acb 3.72 ± 0.00Ac 3.79 ± 0.01Ac 3.89 ± 0.01Ac 4.12 ± 0.00Af 4.73 ± 0.02Bf 

Enterobacteriaceae 

C 3.74 ± 0.11Aa 6.84 ± 0.12Ba 7.21 ± 0.09Ca 7.34 ± 0.03Ca 7.44 ± 0.04Ca 7.64 ± 0.08Ca 
CH 3.08 ± 0.08Aa 5.73 ± 0.11Bb 6.14 ± 0.04Cb 6.33 ± 0.03Cb 6.46 ± 0.05Cb 6.73 ± 0.05Cb 
CH-SE 2.00% 3.57 ± 0.06Ab 4.66 ± 0.05Bc 4.88 ± 0.04Bc 5.19 ± 0.03Cc 5.32 ± 0.01Cc 5.48 ± 0.03Cc 
CH-SE 4.00% 3.59 ± 0.07Ab 3.92 ± 0.04Ad 4.16 ± 0.04Ad 4.36 ± 0.03Bd 4.48 ± 0.08Bd 4.72 ± 0.05Bd 
CH-SE 2.00%-Z 3.57 ± 0.05Ab 3.67 ± 0.00Ac 3.71 ± 0.01Ac 3.81 ± 0.01Ac 3.93 ± 0.02Ac 4.18 ± 0.07Bc 
CH-SE 4.00%-Z 3.58 ± 0.06Ab 3.65 ± 0.00Ac 3.68 ± 0.00Ac 3.73 ± 0.01Af 3.83 ± 0.01Af 4.00 ± 0.08Af 

Pseudomonas 

C 2.94 ± 0.03Aa 3.24 ± 0.02Aa 4.88 ± 0.03Ba 5.43 ± 0.04Ca 5.74 ± 0.03Ca 5.96 ± 0.00Ca 
CH 2.81 ± 0.02Abc 3.14 ± 0.02Bb 3.95 ± 0.03Cb 4.33 ± 0.02Cb 4.57 ± 0.04Db 5.16 ± 0.04Db 

CH-SE 2.00% 2.69 ± 0.02Ad 2.96 ± 0.01Ad 3.52 ± 0.02Bc 3.86 ± 0.03Bc 4.30 ± 0.02Cc 4.79 ± 0.01Cc 
CH-SE 4.00% 2.82 ± 0.02Ab 2.92 ± 0.01Ad 3.34 ± 0.02Ad 3.54 ± 0.03Bd 4.02 ± 0.06Bd 4.06 ± 0.02Bd 
CH-SE 2.00%-Z 2.76 ± 0.04Ac 2.89 ± 0.01Ad 3.14 ± 0.03Ac 3.37 ± 0.01Bc 3.67 ± 0.04Bc 4.51 ± 0.01Cc 

CH-SE 4.00%-Z 2.76 ± 0.02Abc 2.85 ± 0.03Ac 3.00 ± 0.00Af 3.14 ± 0.02Af 3.46 ± 0.03Bf 4.18 ± 00.01Bf 

Yeasts–molds 

C 3.03 ± 0.06Ac 4.77 ± 0.05Ba 5.30 ± 0.03Ca 7.57 ± 0.04Da 8.32 ± 0.01Ea 8.57 ± 0.04Ea 
CH 3.14 ± 0.03Ab 4.57 ± 0.04Bb 4.95 ± 0.03Bb 6.94 ± 0.03Cb 7.92 ± 0.00Db 8.13 ± 0.01Db 
CH-SE 2.00% 3.17 ± 0.01Ab 4.35 ± 0.03Bc 4.65 ± 0.03Bc 6.66 ± 0.04Cc 7.28 ± 0.01Dc 7.63 ± 0.04Dc 
CH-SE 4.00% 3.13 ± 0.01Ab 3.91 ± 0.02Ad 4.29 ± 0.02Bd 6.24 ± 0.01Cd 6.96 ± 0.02Cd 7.19 ± 0.01Dd 
CH-SE 2.00%-Z 3.29 ± 0.01Aa 3.64 ± 0.03Ac 3.92 ± 0.01Ac 5.64 ± 0.05Bc 6.02 ± 0.07Bc 6.63 ± 0.03Cc 
CH-SE 4.00%-Z 3.16 ± 0.02Ab 3.77 ± 0.03Ac 3.94 ± 0.02Ac 5.46 ± 0.01Bf 5.88 ± 0.00Bf 6.46 ± 0.03Cf 

*Treatments: Control (C), chitosan (CH), sumac extract 2% with chitosan (CH-SE 2.00%), sumac extract 4.00% with chitosan (CH-SE 
4.00%), sumac extract 2.00% and Z. multiflora essential oil with chitosan (CH-SE 2.00%-Z) and sumac 4.00% and Z. multiflora essential oil 
with chitosan (CH-SE 4.00%-Z).  
Different uppercase letters in the same row and lowercase letters in the same column indicate significant differences (p < 0.05). 

Fig. 1. The changes in pH beef meat in different treatment groups during storage at different time points. Treatments: Control (C), chitosan 
(CH), sumac extract 2.00% with chitosan (CH-SE 2.00%), sumac 4.00% with chitosan (CH-SE 4.00%), sumac 2.00% and Z. multiflora 
essential oil with chitosan (CH-SE 2.00%-Z) and sumac 4.00% and Z. multiflora essential oil with chitosan (CH-SE 4.00%-Z).  
Different letters indicate a statistically significant difference at each time point (p < 0.05). 
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Changes in TBARS. The results of TBARS analyses of 
beef samples during storage time are showed in Table 2. 
The TBA determination, shows the level of secondary 
damage of lipids. During 20 days of storage, the TBA values 
of treated samples were significantly lower than those in 
the control (p < 0.05). The lowest lipid oxidation was 
determined for the samples treated with chitosan, sumac 
extract 4.00% and ZEO. The lipid oxidation was occurred 
quickly in the control sample with the greatest changes 
between 16 and 20 days of the storage.  

  
  

 
 

 

 

 

 

 

 

 Sensory analysis. The addition of SE and ZEO changed 
the color of meat samples and improved the acceptability 
scores. Apart from the color, which had the lowest scores, 
CH-SE 4.00%-Z-treated samples had the highest 
acceptability scores (p < 0.05) in sensory characteristics 
including flavor, odor and texture with the mean values of 
8.30, 8.00 and 8.90 during 20 days of storage time, 
respectively, but for the color factor, the treated samples 
had the lowest scores. The control group showed to be the 
most perishable group during the storage (Table 3). 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Table 2. The changes in TBARS (mg MDA per kg-1) of beef meat in different treatment groups during storage at 4 ˚C at different time points. 

Treatment* 
Storage time (day) 

0 4 8 12 16 20 

C 0.28 ± 0.02a 0.62 ± 0.04b 1.13 ± 0.08a 1.56 ± 0.09a 2.22 ± 0.17a 2.65 ± 0.36a 
CH 0.27 ± 0.01a 0.52 ± 0.06bc 0.64 ± 0.03c 1.14 ± 0.09b 1.39 ± 0.02b 1.58 ± 0.34bc 
CH-SE 2.00% 0.28 ± 0.01a 0.79 ± 0.06a 0.87 ± 0.09b 1.08 ± 0.05bc 1.28 ± 0.06bc 1.48 ± 0.02bc 
CH-SE 4.00% 0.27 ± 0.01a 0.56 ± 0.09bc 0.72 ± 0.10c 1.12 ± 0.08 b 1.32 ± 0.07b 1.82 ± 0.19b 
CH-SE 2.00%-Z 0.24 ± 0.01b 0.52 ± 0.05bc 0.71 ± 0.03c 0.94 ± 0.11cd 1.09 ± 0.07cd 1.30 ± 0.18c 
CH-SE 4.00%-Z 0.23 ± 0.02b 0.48 ± 0.06c 0.66 ± 0.03c 0.88 ± 0.08d 1.13 ± 0.06d 1.13 ± 0.03d 

*Treatments: Control (C), chitosan (CH), chitosan with sumac extract 2.00% (CH-SE 2.00%), chitosan with sumac extract 4.00% (CH-SE 
4.00%), chitosan with sumac extract 2.00% and ZEO (CH-SE 2.00%-Z) and chitosan with sumac extract 4.00% and ZEO (CH-SE 4.00%-Z).  
Different letters in each column indicate a statistically significant difference (p < 0.05). 
 
 Table 3. The changes in sensory attributes of beef meat in different treatment groups during storage at 4 ˚C at different time points. 

Sensory attributes Treatment* 
Storage time (day) 

0 4 8 12 16 20 

Taste 

C 8.50 ± 0.52ab - - - - - 
CH 8.60 ± 0.69a - - - - - 
CH-SE 2.00% 8.60 ± 0.32a - - - - - 
CH-SE 4.00% 7.90 ± 0.99bc - - - - - 
CH-SE 2.00%-Z 7.80 ± 0.63c - - - - - 
CH-SE 4.00%-Z 8.30 ± 0.48abc - - - - - 

Color 

C 6.70 ± 0.67a 6.20 ± 1.03ab 5.70 ± 0.82ab 4.10 ± 0.73b 1.3 ± 0.67c 0.00 ± 0.00d 
CH 6.30 ± 0.67ab 6.30 ± 1.49a 6.00 ± 1.15a 5.20 ± 1.03a 2.00 ± 1.24c 0.00 ± 0.00d 
CH-SE 2.00% 5.90 ± 0.73bc 5.80 ± 1.13ab 5.50 ± 0.97abc 5.40 ± 1.07a 3.60 ± 1.26b 2.20 ± 0.91c 
CH-SE 4.00% 5.70 ± 0.63bc 5.80 ± 1.13ab 5.60 ± 0.96abc 5.30 ± 1.05a 5.00 ± 1.33a 3.20 ± 1.03b 
CH-SE 2.00%-Z 5.40 ± 0.94cd 5.20 ± 1.39ab 5.00 ± 0.94bc 4.90 ± 0.99ab 4.50 ± 1.08ab 4.50 ± 1.08a 
CH-SE 4.00%-Z 5.00 ± 0.66d 5.00 ± 1.24b 4.70 ± 0.94c 4.50 ± 0.84ab 4.40 ± 1.07ab 4.00 ± 0.94a 

Odor 

C 8.70 ± 0.48a 7.50 ± 0.52c 6.00 ± 0.47c 4.30 ± 0.48d 1.50 ± 0.70d 0.20 ± 0.00f 
CH 8.70 ± 0.48a 8.20 ± 0.63ab 8.00 ± 0.81ab 6.20 ± 0.78c 5.10 ± 0.99c 2.60 ± 0.51e 
CH-SE 2.00% 8.60 ± 0.51a 8.20 ± 0.42ab 7.90 ± 0.73ab 6.50 ± 0.52bc 60.00 ± 0.00b 4.50 ± 0.70d 
CH-SE 4.00% 8.50 ± 0.52a 8.40 ± 0.69a 8.20 ± 0.63a 6.90 ± 0.31ab 6.70 ± 0.94a 5.10 ± 0.31c 
CH-SE 2.00%-Z 7.70 ± 0.67b 7.70 ± 0.67bc 7.50 ± 0.52b 7.10 ± 0.99ab 6.00 ± 0.00b 5.80 ± 0.63b 
CH-SE 4.00%-Z 8.00 ± 0.00b 7.90 ± 0.56abc 7.60 ± 0.51ab 7.00 ± 0.67a 6.60 ± 0.51ab 6.30 ± 0.48a 

Texture 

C 9.00 ± 0.00a 8.30 ± 0.94a 6.50 ± 0.52c 4.00 ± 0.94d 1.50 ± 0.70d 0.00 ± 0.00e 
CH 8.70 ± 0.48ab 8.50 ± 0.70a 8.10 ± 0.99ab 5.60 ± 1.34c 1.20 ± 0.42c 3.10 ± 0.73d 
CH-SE 2.00% 8.40 ± 0.51bc 8.40 ± 0.69a 8.10 ± 0.87ab 7.90 ± 0.73ab 4.80 ± 0.91c 4.00 ± 1.05c 
CH-SE 4.00% 8.40 ± 0.69bc 8.40 ± 0.96a 8.20 ± 0.78ab 8.10 ± 0.87a 5.70 ± 1.33ab 5.30 ± 0.94b 
CH-SE 2.00%-Z 8.00 ± 0.66d 8.00 ± 0.81a 7.50 ± 0.97b 7.00 ± 1.15b 7.60 ± 1.34b 6.30 ± 0.67a 
CH-SE 4.00%-Z 8.90 ± 0.31a 8.70 ± 0.48a 8.60 ± 0.51a 8.10 ± 1.10a 6.80 ± 1.13a 7.00 ± 1.33a 

Overall  

C 7.10 ± 0.73d 5.10 ± 0.87a 3.70 ± 0.67c 1.50 ± 0.52d 1.30 ± 0.48e 1.10 ± 0.31e 
CH 8.00 ± 0.81bc 8.00 ± 0.81b 5.20 ± 0.63b 4.80 ± 0.78c 4.60 ± 0.84d 2.60 ± 0.84d 
CH-SE 2.00% 8.60 ± 0.51ab 8.60 ± 0.69b 6.70 ± 0.82a 6.10 ± 0.73b 6.10 ± 0.73c 3.90 ± 0.73c 
CH-SE 4.00% 8.70 ± 0.48a 8.60 ± 0.51b 6.90 ± 0.99a 6.50 ± 1.08ab 6.20 ± 0.78bc 5.10 ± 0.73b 
CH-SE 2.00%-Z 8.10 ± 0.73abc 8.00 ± 0.81b 7.00 ± 1.15a 7.00 ± 0.81a 6.80 ± 0.63ab 5.90 ± 0.99a 
CH-SE 4.00%-Z 7.90 ± 0.73c 7.90 ± 0.87b 7.30 ± 0.94a 7.20 ± 0.78a 7.00 ± 0.81a 6.30 ± 0.67a 

* Treatments: Control (C), chitosan (CH), chitosan with sumac extract 2.00% (CH-SE 2.00%), chitosan with sumac extract 4.00% (CH-SE 
4.00%), chitosan with sumac extract 2.00% and ZEO (CH-SE 2.00%-Z) and chitosan with sumac extract 4.00% and ZEO (CH-SE 4.00%-Z). 
Different letters in each column indicate a statistically significant difference (p < 0.05). 
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Peroxide value. The PV of the control sample was 
significantly higher than the other treatment groups 
during storage (p <0.05; Fig. 2). The mean PV of all samples 
increased during the first 12 days of storage and then 
decreased afterward. In control samples, the PV increased 
from 0.11 to 2.67 meq peroxides kg-1 lipid after 12 days 
and decreased thereafter to 0.39 at days 20 of storage.  

Total volatile nitrogen. The TVN 100 g-1 values of 
7.93 mg in control samples at the first day indicate the 
acceptable quality for the freshness of the beef samples 
(Fig. 3). Changes in the TVN values were time dependent 
in all treatment groups. TVN contents increased gradually 
and reached to final values of 29.40 and 14.93 mg for 
control and CH-SE 4.00%-Z samples, respectively. This 
reduction may be related to low initial TPC count (4.63 log 
CFU g-1). In the control group (TVN was 17.26 mg 100 g-1 
of meat) during the first 8 days.  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 2. The changes in peroxide value (meq O2 per kg fat) of beef 
meat in different treatment groups during storage at 4 ˚C at 
different time points.  
Treatments: Control (C), chitosan (CH), sumac extract 2.00% with 
chitosan (CH-SE 2.00%), sumac 4.00% with chitosan (CH-SE 
4.00%), sumac 2.00% and Z. multiflora essential oil with chitosan 
(CH-SE 2.00%-Z) and sumac 4.00% and Z. multiflora essential oil 
with chitosan (CH-SE 4.00%-Z). 
 

 
 
 
 
 
 
 
 

 

 
 
Fig. 3. The TVN content of beef meat in different treatment 
groups during storage at 4 ˚C at different time points.  
Treatments: Control (C), chitosan (CH), sumac extract 2.00% with 
chitosan (CH-SE 2.00%), sumac 4.00% with chitosan (CH-SE 
4.00%), sumac 2.00% and Z. multiflora essential oil with chitosan 
(CH-SE 2.00%-Z) and sumac 4.00% and Z. multiflora essential oil 
with chitosan (CH-SE 4.00%-Z). 

 Discussion 
 

The gas chromatography–mass spectrometry (GC–MS) 
analysis of ZEO showed that the major constituent of ZEO 
is carvacrol (46.82%).21 Antimicrobial activity of ZEO and 
SE was attributed to the phenolic compounds such as 
thymol and carvacrol. Chitosan is believed to act on the 
spoilage microorganisms and pathogens, by changing the 
permeability of the cytoplasmic membrane, leading to the 
leakage of intracellular electrolytes, and finally destroying 
the cell.10 The initial count of TVC was agreement with the 
results for beef (4.89 log CFU g-1),22 however, it was in 
consistent with Emiroğlu et al. study for beef meat (6.90 
log CFU g-1).23 Based on the International Commission on 
Microbiological Specifications for Foods (ICMFS), the 
highest microbial level for acceptability of meat is 7.00 log 
CFU g-1.24 In the all treatment groups the population of 
TVC, LAB, Enterobacteriaceae, Pseudomonas spp. and 
yeast-mold were significantly decreased compared with 
the control group at the end of storage time. It has been 
shown that the use of EOs and extracts in combination 
with each other may have an additive, synergistic or 
antagonistic effects.25 In the present study, the CH-SE 
4.00%-Z treatment group was the most effective 
treatment on TVC. A previous study has shown that TVC 
reached 7.00 log CFU g-1 on days 4–5 for control samples 
while in samples containing CH, TVC reached the same 
level as the control samples on day 20.26 Some species of 
LAB such as Lactobacillus and Carnobacterium have 
detrimental effect in meat.27,28 In a previous study, LAB 
count was 5.95 log CFU g-1 on 9 day for 0.10% grape seed 
extract and 0.1% ZEO.29 In present study among all, CH-SE 
4.00%-Z and CH-SE 2.00%-Z treatments were found to be 
the most effective in controlling LAB. Initial count for 
Entero-bacteriaceae in the previous studies were 3.50 log 
CFU g-1, 2.30 log CFU g-1, and 2.00 log CFU g-1.30-32 In 
consistent with our findings, previously antimicrobial 
effects have been reported for thyme essential oil in beef 
and beef burger.33,34 Pseudomonas spp. are known to 
compete for nutrients by forming siderophores, that may 
reduce the level of several bacteria.35 The effect of Z. 
multiflora Boiss essential oil and grape seed extract on the 
shelf life of raw buffalo for Pseudomonas spp. count has 
been shown to be 1.62 log CFU g-1.30 In another study, 
antibacterial synergistic effect of pomegranate juice and 
chitosan with Z. multiflora Boiss essential oil on chicken 
meat has been found during refrigerated storage.10 In a 
previous study, the antifungal effect for ZEO against 
several molds and yeasts has been shown.30  

In the present study, a significant increase in pH value 
was observed from day 3 to day 21 (p < 0.05).36 
Consistent with the results of this study, Banon et al. 
reported that the combinations of ZEO and grape seed 
extract had a synergistic effect causing increase of pH 
value in beef patties.37 
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Georgantelis et al. showed that combination of chitosan 
and rosemary had stronger antioxidative effects on fresh 
pork sausage.38 Antioxidant activities of ZEO could be 
related to its high level of phenolic agents such as tymol 
and carvacrol.39 The beef treated samples presented 
overall lower levels of changes in TBA values. The present 
study showed a higher antioxidant effect of sumac than 
ZEO in beef. Effect of SE on the shelf life of sucuk (Turkish 
dry‐fermented sausage) was previously studied and it was 
shown that SE decreased TBARS value (0.22 ± 0.02 and 0.47 
± 0.03 at the end of storage time in sumac treated and 
control samples, respectively,40 while in this study TBARS 
values were 0.13 ± 0.00 and 0.06 ± 0.00 at the 20th day in 
control and CH-SE 4.00%-Z treatment groups, respectively).  

The increase of PV during storage time may be caused 
by the faster rate of formation of new peroxides than the 
decay of peroxides products into secondary oxidation 
products. Similar results were shown by Ojagh et al. (0.21 
and 0.24 mg at the 16th day of storage in coating and 
control groups, respectively)13 and Zakipour Rahimabadi 
and Divband (0.85 ± 0.04 and 0.52 ± 0.01 at 15th day in 
control and treated samples, respectively) indicating that 
Z. multiflora Boiss essential oil and coating are capable to 
defer the factor of lipid oxidation.41 In the present study 
SE, chitosan and ZEO improved antioxidant activity which 
may be caused by the protecting effect of coating against 
oxidation of phenolic compounds.26 

The protein breakdown leads to formation of TVN.42 
The results for TVN showed that the best treatment for 
beef was gained in CH-SE 4.00%-Z group which was in 
agreement with the previous report.41 

The effects of the addition of chitosan in food samples 
have been investigated before.43 Jo et al. showed that 
chitosan has a positive effect on the color of pork sausages, 
while in the control group the odor, color texture and 
overall acceptability of sausages were given ‘unacceptable’ 
scores after eight days.44 Darmadji and Izumimoto showed 
that the use of chitosan improved the sensory quality in 
the assessment of meat.11 

In conclusion, it can be concluded that hydro-alcoholic 
extract of sumac has the ability to delay microbial and 
chemical changes and produce desirable sensory attributes 
including taste, color, odor and texture in beef meat. The 
results also revealed that ZEO and different concentration 
of SE compare with other treatment and control samples 
were most effective and were able to inhibit the bacterial 
growth, and apart from the color, they improved the 
chemical characteristics and the sensory quality of meat 
except color factor. The present study demonstrates the 
efficacy of chitosan and ZEO and SE as a potent 
antibacterial and antioxidant agents that can be used for 
the preservation and shelf life extension of meat. The effect 
of SE on the other meat products needs to be assessed. 
Meanwhile, using other kind of coatings or packaging for 
long-time storage of this new product is proposed. 
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