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Abstract  This paper reports the effect of combined solution with different antibacterial substance on the total 
volatile basic nitrogen (TVB-N), total bacterial count (TBC), the sensory properties, pH, the weight loss rate of beef 
fillets stored at 4±1°C. Main components of the solutions were as follows: (A1) Aseptic water, (A2) 1.5% (w/v) 
Chitosan (Ch), (A3) 1.5% (w/v) Chitosan + 0.5% (v/v) Citral (CI), (A4) 1.5% (w/v) Chitosan + 2.5% (w/v) β-
Cyclodextrin/Citral inclusion complex (β-CD-CI). The A1 group was as the control samples. The beef samples 
coated Chitosan film-forming solution combined β-CD-Citral inclusion complex had decreased the total volatile 
basic nitrogen by 3.0 mg/100 g, aerobic bacterial count value was lower by 1.50 Log10, the sensory properties was 
elevated by 10 of total one hundred and pH value was declined by 0.60 pH units, while the control samples had 
reached the acceptance limit. Among these four different solutions, the best effect of beef fillet was coated solution 
of Chitosan combined with β-Cyclodextrin/Citral inclusion complex, which had prolonged shelf life by 
approximately 5-7 days. 
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1. Introduction 
Currently, there are mainly two approaches for fresh-

keeping packaging technology of beef: one is based on 
packaging techniques, such as modified atmosphere 
packaging; the other is based on packaging materials, such 
as finding suitable materials with antibacterial properties 
[1]. It is necessary to find effective and safe method to 
elevate the shelf-life of fresh beef. 

Beef is a highly perishable food commodity with a 
rather short shelf life due to microbial activity which is by 
far the most important cause of spoilage and may be 
manifested as visible growth, textural changes or off-odors 
and off-flavors [2]. This situation causes significant 
economic losses for the beef industry and as consequence 
the meat industry is looking for effective, natural, 
preservation methods that provide meat products with 
extensive shelf life. In addition to traditional methods of 
dipping or spraying antimicrobial compounds on the food 
surface, antimicrobial packaging is a promising alternative 
method to delay food spoilage [3].  

Antimicrobial agents can be incorporated into the 
packaging material, thus limiting or preventing microbial 
growth [4]. Consumer concerns regarding health and 
environmental problems have increased demand for 
additive-free foods; thus, many studies have focused on 
incorporating natural antimicrobial compounds such as 

plant essential oils into packaging materials and have 
achieved gains in protecting foods. 

Citral (CI) is the main component of lemon grass oil. It 
is a naturally occurring isoprenoid with two isomers 
(geranial and neral), reportedly exerts anti-fungal activity 
against some citrus postharvest pathogens such as P. 
italicum and Penicillium digitatum, which demonstrated 
the Citral have anti-bacterial propriety [5,6,7]. 

The effect of different concentrations of carvacrol 
[0.1–0.25 μL/mL] and Citral [0.25–1.5 μL/mL] was 
evaluated against Escherichia coli O157: H7 and Listeria 
monocytogenes at different storage temperatures [8–37°C] 
[8], which showed that the Citral have good antibacterial 
and antifungal activities. However, the application of 
Citral has been greatly restricted by the properties of low 
solubility, easily oxidized, volatile [9], which made the 
Citral not well solute into hydrophilic system. Exploited 
the Citral as a antibacterial composition need find a 
delivery system as a vector to help the Citral solute in 
hydrophilic solution. β-cyclodextrin (β-CD) is cyclic 
oligosaccharides with a truncated cone shape molecular 
structure, and β-CD has unique ability which can form 
non-covalent host-guest inclusion complexes with variety 
of molecules including food additives. The β-CD cavity 
provides stabilization to protect the guest molecules and 
prevention of evaporation, degradation and oxidation; in 
addition, the release rate of the guest molecules can be 
controlled or delayed by the β-CD. Therefore, β-CD has 
been widely applied in the fields of chemical segregation 
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analysis, medicine, food, and pesticides. [10] Cyclodextrin 
inclusion complexation is very effective for the 
stabilization and controlled release of functional additives 
[11].  

Based on the β-cyclodextrin inclusion Complex of 
Citral cannot provide integrate packaging material to 
preserve the beef, it needs substrates. The inclusion 
complex of Citral and β-CD is pulverulent substance 
which cannot form a package film. In order to exploiting 
the inclusion complex as the antibacterial agent in 
packaging film material, It is generally known that the 
edible material Chitosan is an environmentally friendly 
packaging material. Chitosan has characteristics of 
biocompatibility, biodegradable and non-toxic, and 
antibacterial property. Chitosan has strong inhibitory 
ability on various bacteria and fungi [12]. Helander [13] 
proposed that Chitosan can inhibit Gram-negative bacteria 
because Chitosan interfere the synthesis of the cell 
membrane, followed by bacterial dissolution and death. It 
can be applied in the preparation of packaging material in 
the coating or film because of the properties of film-
forming and solubleness. It is suitable for the packaging 
structure design and food preservation [14]. 

There are few reports on the method of coating 
Chitosan film-forming solution combined β-CD-Citral 
inclusion complex in the scientific literature. This study 
provides a available method and a theoretical basis for 
prolonging the shelf life of fresh beef.  

2. Materials and methods 

2.1. Materials 
Citral (CI) (purity≥97.0%, food grade), β-Cyclodextrin 

(β-CD), Glycerol (Gly), Acetic acid, AlkaneC6, Biolog-90 
mm, and Sterilized homogenization bags were purchased 
from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, 
China); Chitosan (Ch) (40~100 mesh, food grade), 
Ethanol anhydrous (purity≥99.5%), Tween-80, Nutrient 
agar, and Sodium chloride (purity≥99%) were purchased 
from Sangon Biotech (Shanghai) Co., Ltd. (Shanghai, 
China); Fresh beef was purchased from Shanghai meat 
Co., Ltd. (Shanghai, China); 

Electric mixing water bath (JB 90-S, specimen model 
factory, Shanghai, China); PH meter 10 (Sanxin Co., Ltd., 
Guangxi, China); Kjeltec™ 2300 Analyzer Unit (FOSS 
Tecator AB, Sweden); Cleanbench (STIK (shanghai) 
instrument equipment Co., Ltd. China); Bag Mixer, 
French Interscience Co., Ltd. 

2.2. Preparation of β-CD-CI Inclusion 
Complex 

The Citral/β-CD inclusion complex (β-CD-CI) was 
prepared by using a co-precipitation method described by 
Ayala-Zavala et al. with minor modification [15]. 

The β-CD (10.0 g), with deionized water 1:10 scale, 
were placed in a thermostated bath magnetic stirrer (speed 
at 120 r/min) and stirred at 60°C for 1 h. The β-CD 
completely was dissolved to form clear solution, and then 
Citral (1.0 ml) was added into the solution drop wise and 
stirred for 4 h. Afterwards, the solution were preserved at 
4°C for 24 h. The inclusion compound solution was 
vacuum filtrated, and washed for three times using ethanol 

and deionized water (washing away redundant oil, and 
non-inclusion β-CD). The inclusion compound powder 
was dried under vacuum conditions at 45°C for 4~5 h until 
constant weight to obtain the inclusion complex of β-CD 
with Citral (β-CD-CI). 

2.3. Preparation of the Coating Solution 
The inclusion complex of Citral and β-CD was 

prepared. The specific coating solutions’ components 
were prepared, as follows: 

A1: the control (the sterilized water); 
A2: Ch 1.5% (w/v) + Tween-80 0.4% (v/v) + Gly 1% 

(v/v) + Acetic acid 1% (v/v); 
A3: Ch 1.5% (w/v) + Citral 0.5% (v/v) + Tween-80 

0.4% (v/v) + Gly 1% (v/v) + Acetic acid 1% (v/v); 
A4: Ch 1.5% (w/v) + β-CD-CI 2.5% (w/v) + Tween-80 

0.4% (v/v) + Gly 1% (v/v) + Acetic acid 1% (v/v); 
The solution of A4 was prepared according to the 

following steps.  
Firstly, Chitosan (1.5 g) was dissolved into 1% acetic 

acid solution (100 ml) for preparing the 1.5% Chitosan 
solution, which need stirring at 60°C for about 1h until 
Chitosan was completely dissolved. Secondly, the solution 
was placed on a magnetic stirrer for keeping constant 
temperature and stirred speed. And then the plasticizer 
Glycerol (1.0 ml), at a concentration of 66.7% (w/w 
Chitosan), and Tween-80 (0.4 ml), at a concentration of 
26.7% (w/w Chitosan), were added to mixed solution, 
stirred for 30 minutes. Lastly, β-CD-CI inclusion complex 
(2.5 g) was added toss the mixed solution, at a 
concentration of 166.7% (w/w Chitosan), dissolved and 
stirred for about 1 h until homogeneousness. The final 
antibacterial Chitosan combined solution was prepared. 

2.4. Treatment of Beef Samples 
The beef samples were selected from the fresh beef 

shank. After slaughtering, the beef was transported to the 
laboratory from the market within 45 minutes. In the 
process, ice was used to keep the surrounding temperature 
at 0-4°C, and relative humidity was 80%~95%. The beef 
core temperature dropped to 7°C or less within 36 h. 

Fillets (25 g) were obtained from each beef under 12°C 
conditions. The samples were immersed in different 
coating solutions, taken out and well drained. Then the 
samples were airproofed in PE (Poly Ethylene) bags. Each 
sample was labeled and sealed, in accordance with the 
coating solution of A1, A2, A3, and A4. 

The packaged beef samples were stored in the lab 
refrigerator at 4±1°C and the relative humidity maintained 
80% ~ 95% for 30 days. The pH values, sensory 
properties, the weighted loss rate, total bacterial count 
(TBC) and TVB-N of the beef samples were monitored on 
day of 0, 3rd, 7th, 11th, 14th, 17th, 20th, 24th and 27th of 
storage. 

2.5. Methods 

2.5.1. Measurements of Fourier Transformed Infrared 
(FTIR) Spectra  

The FTIR spectra of Citral, β-CD, physical mixture and 
the inclusion complex were collected between 4000 and 
500 cm−1 (Mid infrared region) on a Nicolet Nexus Avater 
370 FTIR spectrophotometer (Nicolet, USA) with 32 
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scans at a resolution of 4 cm−1. Citral was recorded on 
KBr plates. The physical mixture and the inclusion 
complex were ground with spectroscopic grade potassium 
bromide (KBr) powder and then pressed into 1 mm pellets 
(2 mg of sample per 200 mg dry KBr). A blank KBr disc 
was used as background [11].  

2.5.2. Measurements of the Weight Loss Rate  
During storage period, beef sap outflow at vary degrees, 

which affects the consumer acceptance and product 
quality. The weight of each sample was recorded before 
and after the test, the modified method described in Payne 
et al [16]. The weight loss rate of beef (WLRB) was 
calculated using the following equation: 

 ( )initial ultimate

initial

W W
WLRB 100%

W
−

= ×  

initialW : refers to the initial weight of the beef; 

ultimateW : refers to the ultimate weight of the beef. 

2.5.3. Measurements of the pH  
Triplicate 5 g samples of ground beef were 

homogenized with 50 ml of demonized water using a 
Polytron PT 10-35 homogenizer (Kinematica, 
Luzernerstrasse, Switzerland), and the pH was determined 
using an Accumet 50 pH meter (Fisher Scientific, 
Fairlawn, NJ, USA) [17]. 

2.5.4. Measurements of the Sensory 
Properties  

The method described by Jingyun Duan et al. [18] with 
minor modification. The samples were evaluated by 10 
members experienced. Panelists were asked to evaluate 
the viscosity, color, flavor, and texture, using a 100-point 
hedonic scale (100 = like extremely and 10 = dislike 
extremely). A score of 60 was taken as the lowest limit of 
acceptability. 

2.5.5. Microbiological Analysis 
The each sample was transferred into sterile 

homogeneous bags with 225 mL of 0.85% NaCl solution 
and homogenized. From this dilution, other decimal 
dilutions were prepared and appropriate gradient were 
selected to determine the total bacterial count by using the 
pour plate method described in Duan J [19]. The 
inoculated plates were incubated at 37°C for 24 h for total 
bacterial count. All counts were expressed as log10 CFU/g 
and performed twice. 

2.5.6. Measurements of the Total Volatile Basic 
Nitrogen (TVB-N) 

Total volatile basic nitrogen (TVB-N) is an important 
indicator of chemical spoilage. It was determined by 
distillation after the addition of MgO to homogenized beef 
sample. The distillate was collected in a flask containing 
3% aqueous solution of boric acid and a mixed indicator 
of methyl red and methylene blue. Finally, the boric acid 
solution was titrated with 0.1 N HCl. The quantity of 
TVBN in mg/100 g was calculated from the volume (V) of 
HCl added [20]. 

2.6. Statistical Analysis  

The obtained data were expressed as the mean ± standard 
deviation of triplicate determinations. Data were analyzed 
by an analysis of variance (P< 0.05) and the means 
separated by Duncan’s multiple range tests. Statistical 
analysis was performed using the software STATISTICA 
6.0 [11].  

3. Results and Discussion 

3.1. Fourier Transformed Infrared (FT-IR) 
Spectra Analysis 

 

Figure 1. The FTIR spectra of Citral and β-CD physical mixture, Citral, 
β-CD and inclusion complex 

Fourier transformed infrared (FT-IR) spectra is used to 
confirm the information of inclusion complex. The FTIR 
spectra of Citral, β-CD, the physical mixture of Citral and 
β-CD, and Citral/β-CD inclusion complex are presented in 
Figure 1. According to the spectrum of Citral/β-CD 
inclusion complex, the main body cyclodextrin spectra 
were consistent, but the object of Citral was not detected. 
This indicated the molecular had been embedded in the 
cavity of β-cyclodextrin, which restricted the Citral 
molecular vibration and hiding its original infrared 
characteristics [11]. The FR-IT spectrum of β-CD showed 
prominent absorption bands at 3384 cm-1 (for O-H 
stretching vibrations), 2928 cm-1 (for C-H stretching 
vibrations), 1647 cm-1 (for H-O-H bending), 1156 cm-1 

(for C-O stretching vibration) and 1028 cm-1 (C-O-C 
stretching vibration). The FR-IT spectrum of Citral 
showed major absorption bands at 1712 cm-1(for C=O 
stretching vibration) and 2960 cm-1(for C-H stretching 
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vibrations). The band of the inclusion complex exhibits a 
differential profile compared to the physical mixture, β-
CD and Citral, suggesting that a kind of link when there is 
inclusion complex formation The FT-IR spectrum of the 
physical mixture showed approximate superimposition of 
the individual patterns of both Citral and β-CD. However, 
the FT-IR spectrum of the Citral/β-CD inclusion complex 
showed no feature similar to pure Citral. The bands 

located at 1712 and 2960 cm-1 of Citral had disappeared. 
The Citral bands are almost completely obscured by very 
intense and broad β-CD bands. However, the absorption 
bands at 3384 cm-1 and 2928 cm-1 of β-CD (Figure 1-C) 
were shifted toward the lower frequencies at 3310 and 
2902 cm-1 of CI/β-CD (Figure 1-D), respectively. These 
changes may be related to the formation of intra-molecular 
hydrogen bonds between Citral and β-CD. 

Table 1. The weight loss rate of beef coated with different solutions 
Time (days) 0 WLRE(%) 3 WLRE(%) 7 WLRE(%) 11 WLRE(%) 

A1 25.00±0.17b 0.00 24.99±0.24a 0.00 24.66±0.27a 1.40 24.54±0.30a 1.80 
A2 25.00±0.21a 0.00 24.9±0.22b 0.00 24.86±0.16c 0.60 24.76±0.25b 1.00 
A3 25.00±0.15b 0.00 24.56±0.18b 1.80 23.94±0.19b 4.20 23.61±0.27a 5.60 
A4 25.00±0.08c 0.00 24.89±0.14c 0.40 24.51±0.23b 2.00 24.11±0.18b 3.60 

Time (days) 14 WLRE(%) 17 WLRE(%) 21 WLRE(%) 24 WLRE(%) 
A1 24.46±0.15c 2.20 24.32±0.08c 2.70 23.12±0.21b 7.50 23.06±0.22a 7.80 
A2 24.65±0.12c 1.40 24.57±0.14c 1.70 24.26±0.23a 3.00 23.91±0.21a 4.40 
A3 23.50±0.18b 6.00 23.02±0.25a 7.90 22.52±0.20a 9.90 22.16±0.10c 11.40 
A4 23.89±0.21b 4.40 23.25±0.21b 7.00 23.05±0.18b 7.80 22.81±0.15b 8.80 

a-c:Means in a column, within a treatments group (between treatment groups), not having a common superscript letter are different (P<00.5) 

 

Figure 2. Changes in pH of beef samples stored at 4°C 3.2. The Weight 
Loss Rate 

3.2. The Weight Loss Rate 
The weight loss rate values of the treatments during 

storage are presented in Table 1. The beef samples coated 
with the A2 solution had lowest weight loss rate. The 
preservation effect of coating A4 solution was better than 
that of A1. Thus, the weight loss rate had little effect of 
shelf life of beef samples [16]. 

3.3. pH  
After the death of animal, due to respiration of the 

muscle tissue cells, the body muscle glycogen anaerobic 
glycolysis and decomposition of ATP, content of lactic 
acid and phosphoric acid would be increased, resulting in 
the decreased of pH value. The pH value of the fresh meat 
was about 5.6 to 6.0. The pH increasing resulted from 
producing alkaline substances such as ammonia 
compounds which caused by action of internal or 
microbial enzymes, and growth of Gram positive and 
Gram negative bacteria, yeasts, and molds may also 
reduce pH [21,22,23]. The pH values for the treatments 
during storage are presented in Figure 2. During the 
storage, the pH value of the control group significantly 
increased from 5.20 on Day 0 to 6.71 on Day 18. 
Indirectly, the A1 samples began to decay after 11 days, 
while the A4 sample was began to corrupt in 20 days. The 

A4 solution was conducive to prolong the shelf life by 9 
days. 

3.4. Sensory Property 
The results of the samples’ sensory assessment are 

given in Figure 3. During the storage, the sensory credit of 
the control group clearly decreased. The A1 group was 
lower than 60 scores after 13 days; the A4 samples kept 
fresh in 21 days and prolonged shelf life by 8 days. The 
result shows the control group (A1) had beyond the 
acceptable limit after 13 days, while the A4 group had 
better shelf life than A1 group.  

 

Figure 3. Changes in sensory properties of beef samples stored at 4°C 

3.5. Microbiological Analysis 
The antimicrobial effect of Chitosan is thought to be 

related to electrostatic interaction between a positive 
charge on the NH3 group of glucosamine monomer in 
Chitosan molecules and negative charge of microbial cell 
membrane that leads to the leakage of intracellular 
constituents. The study had regarded 106 CFU/g as the 
acceptable limit of meat [19].  

Measured changes in total bacterial count during the 
storage period are shown in Figure 4. The initially total 
bacterial count of fresh beef samples were 1.52 Log10 
CFU/g, and rapidly increased to 3.44 and 6.08 Log10 
CFU/g on day 14th and day 24th respectively. The total 
bacterial count value of A4 samples was lower than other 
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groups during the storage. So the coating solution of A4 
group was more effective in controlling the microbial 
growth compared with the other two treatments. The 
picture shows that, at the same storage shelf life, the A4 
samples had lower level of total bacterial count than 
others groups. It suggested the A4 film-forming solution 
could retard the decay of beef sample. These results 
explained by the addition of β-CD-CI inclusion complex, 
which conducive to enhance the antibacterial effects and 
prolong the shelf life of beef fillets. 

 

Figure 4. Changes in total bacterial count (TBC) of beef samples stored 
at 4°C 

3.6. The Total Volatile Basic Nitrogen (TVB-
N) 

 

Figure 5. Changes in TVB-N of beef samples stored at 4°C 

The changes in TVB-N values of the beef samples 
during storage are shown in Figure 5. The initially TVB-N 
value of the control group was 5.18 mg N/100 g. The 
values of all treatments increased with varying degrees 
during storage. TVB-N values of the control group 
increased to 5.18 mg N/100 g and 20.56 mg N/100 g on 
day 3rd and day 11th; respectively, while the values of 
samples treated by A4 solution were lower (p<0.05). The 
addition of Citral deterred further reduction in TVB-N 
values. TVB-N is widely considered as a quality index of 
beef, and its increase may be attributed to the activity of 
spoilage bacteria and endogenous enzymes. Bacterial 
catabolism of amino acids in beef muscle effected 
characteristic flavors of beef. Generally, 20 mg TVB-
N/100 g of beef is considered as the acceptable limit [20]. 

At day 13, the A1 group had reached the acceptable limit 
20.01 mg N/100 g, while A4 group had reached this level 
at day 18. In other words, the shelf-life of the control 
group was only about 13 days; while the beef samples 
coated the Chitosan solution combined β-CD-Citral 
inclusion complex reached limit value at 18 days of 
storage and prolonged the shelf life by 5 days. The beef 
samples coated the Chitosan solution combined β-CD-
Citral inclusion complex had better effect of prolonging 
the shelf life than other groups. 

3.7. Summarized evaluation of the Shelf Life 
The indexes of pH, TVB-N, sensory properties, and the 

total bacterial count (TBC) were analyzed by using the 
summarized evaluation method. The results are shown in 
Table 2. Briefly, the Chitosan film-forming solution 
combined β-CD-CI inclusion complex had best effect on 
prolonging fresh beef fillets’ shelf life. 

Table 2. The average shelf life of beef fresh-keeping  
Values A1(days) A2(days) A3(days) A4(days) 

pH 12 16 19 20 
Sensory 12 15 20 20 

TBC 22 25 26 27 
TVB-N 13 12 14 18 

Average shelf 
life (days) 14 17 20 21 

4. Conclusions 
The analysis results of the pH, total volatile basic 

nitrogen, the total bacterial count (TBC) and sensory 
properties showed that, compared with the control group, 
Chitosan had a good antibacterial effect, and the 
antibacterial properties of Chitosan combined β-CD-CI 
inclusion complex was more excellent, which could 
inhibit microbial growth and retard spoilage of beef.  

The control samples exceeded the acceptable limit of 
TVB-N on the day 13th, while groups coated solution of 
Chitosan combined β-CD-CI inclusion complex reached 
TVB-N limit on the days 18th. The control samples began 
to decay after 11 days, according to pH value, while the 
groups coated solution of Chitosan combined β-CD-CI 
inclusion complex was began to corrupt in 20 days. The 
sensory evaluation results show the control group had 
beyond the acceptable limit after 13 days; while the 
groups coated solution of Chitosan combined β-CD-CI 
inclusion complex had better shelf life than control group. 
The total bacterial count value of the groups coated 
solution of Chitosan combined β-CD-CI inclusion 
complex was lower than other groups during the storage. 
According to those related indexes of fresh beef had 
reflected the Chitosan film-forming solution combined β-
CD-CI inclusion complex was the most effective in 
maintaining the quality of the beef, it also prolongs the 
storage period about 5~7 days compared with the control 
sample which was the ordinary used. 
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