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Preservation effect of meat product by natural antioxidant tea polyphenol
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Abstract: 1% of tea polyphenol, chitosan solution and potassium sorbate were used as film-forming materials to coat chilled mutton. Total coli-
forms, TVB-N value and pH value were determined and used as the mutton fresh-keeping indexes. The results showed that after 12th day at the 
end of the storage, mutton coated with tea polyphenol had best effects comparing chitosan solution and potassium sorbate. pH value of mutton 
coated by tea polyphenol was 6.0, TVB-N and the total coliforms were both significantly lower than the meat coated by chitosan solution and 
potassium sorbate. Also, mutton coated by tea polyphenol accorded with the requirements of national standards about fresh meat quality. In sum-
mary, the tea polyphenol film was the most suitable film on chilled mutton coating preservation among the three chemicals used in this research.

Key words: Tea polyphenol, chitosan solution, potassium sorbate, coliform, coating preservation.

Introduction

Coating preservation of meat refers to steeping the 
meat in coating solution, or spraying the coating solu-
tion on surface of the meat, to form a layer of film on the 
meat surface, thus the gas environment beyond the sur-
face is changed to effectively prevent the loss of sap (1-
3). The intracellular material permeability is controlled 
to inhibit the growth of microorganisms, so the meat re-
tains freshness and is protected against decay. Currently, 
the film forming materials that have been widely used in 
the field of food preservation include chitosan (1-8), so-
dium alginate (9,10), tea polyphenol (10-17), carboxy-
methyl cellulose (18), starch and propolis (6,15). The 
fresh-keeping film for meat preservation was studied in 
the late 19th century, the gelatin liquid coated on the 
meat surface is able to form a layer of film and prolong 
the shelf life of fresh meat, and prevent the meat from 
decay (13,16,17).

Many countries have introduced meat coating preser-
vative, which is coated on the meat surface to effectively 
extend the shelf life of meat. Ming used cellulose mem-
brane containing pediocin or Nisin to cover the surface 
of ham, beef and turkey to retain freshness, this method 
effectively inhibited growth of L.monocytogenes (19). 
Sirugusa added Pediococcus and lactic streptococci into 
soy protein and zein soluble protein and added organic 
acid to calcium alginate film to coat meat products for 
preservation, which inhibit the growth of pathogenic 
and spoilage bacteria (20). Moreover, sodium alginate 
solution has been applied to soak fresh pork samples for 
preservation at normal and lower temperatures (9,10). 
Chitosan has been used as a fresh-keeping material to 
coat on the fresh pork or sauce beef for preservation (4-
8). Corn alcohol soluble protein containing phytic acid, 
citric acid and ethanol was used to soak fresh beef for 
low temperature storage (17,18). These studies have 
proved that coating preservation has practical signifi-
cance and feasibility. However, the effects of present 
coating preservation technologies are not ideal, there 
are still many problems in application and promotion. 
The use of film-forming materials needs to be further 
investigated.

In this study, tea polyphenol, chitosan solution and 
potassium sorbate were used as film-forming materials 
to coat chilled mutton. Total bacterium counts, TVB-N 
value, pH value were determined and used as the mut-
ton fresh keeping indicators to investigate the effect of 
meat preservation and find the best coating preservation 
material for chilled mutton.

Materials and Methods

Chilled mutton was purchased in local Wal-Mart su-
permarket. Tea polyphenol, chitosan solution and potas-
sium sorbate are all edible grade. Acetic acid, glycerin, 
light magnesium oxide, boric acid, bromocresol green - 
methyl red indicator and nutrient agar are pure analysis. 
The solution was prepared and stirred using an OS20-
Pro electric blender from Shanghai Jingtian Chengshi 
experiment instrument factory. The absorption spectra 
were acquired on a Beckman DU640 UV-Vis spectro-
photometer. Color difference of meat was determined 
with an NR60CP colorimeter supplied by Shenzhen 
3nh Technology Co Ltd. pH values of the meat samples 
were determined with a 4-star portable pH meter from 
Beijing Kerui Scientific Equipment Co Ltd.

Preparation of film solutions 
Tea polyphenol (1 g) and potassium sorbate (1 g) 

are dissolved in 100 ml distilled water respectively to 
prepare the solutions at concentration of 1%. chitosan 
was dissolved in 100 ml of 0.5% acetic acid solution 
and stirred with electric mixer at 60 oC in water bath, 
followed by swelling and ultrasonic degassing. All solu-
tions were stored at 5 oC in a fridge.
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Samples preparation
The knives and chopping board were sterilized with 

alcohol and irradiated with ultraviolet lamp for 30 min. 
Under aseptic conditions, the chilled mutton bought 
from supermarket was cut into 50 pieces (each one 
was about 2 cm thick and around 50 g), the samples 
were randomly divided into 10 groups with 5 samples 
in each group, and treated with various film solutions 
and sterile distilled water (for control group) respecti-
vely. The meat samples were dried in a sterile room for 
30 min and covered with PVC film. The samples were 
then transferred into plastic boxes and stored in fridge at 
temperature of 4-5 oC. Various indexes were determined 
after 1, 3, 7, 12 and 20 days. The meat samples used for 
control group were decay after two weeks.

Determination methods
The total number of bacteria was determined accor-

ding to national standards of food hygiene microbiology 
GB501d.6-05 using the plate count method, the results 
were expressed as Log values. Evaluation criteria: to-
tal coliform counts below 5 represents fresh meat, the 
counts between 5 and 8 represents semi-fresh meat, if 
the counts is greater than 8, then the meat is decay. The 
culture condition was 25 oC for 2 days, the nutrient agar 
was used as medium.

Juice loss percentage (%) was calculated by the ratio 
of juice loss amount and the weight of raw meat. The 
fresh mutton samples were taken and weighed, the total 
mass (M1) includes the mass of packaging box, film, 
meat and juice. The meat was carefully taken after cut-
ting the covering film and loaded into a plate for sen-
sory evaluation, the transudatory juice still remained 
in box, then the box was weighed again to obtain the 
weight (M3) of packing box, film and juice. The juice 
was then removed and the weight (M2) of packaging 
box and film was determined. Juice loss percentage (JL) 
was obtained by the equation, JL (%) = [(M3-M2)/(M1-
M3)]*100%.

pH value of mutton was determined by a pH meter 
according to the national standards GB/T1247.3-2002. 
The ranges of pH value of 5.3-6.4, 6.5-6.8 and above 
6.9 represent the meat is fresh, semi-fresh and decay, 
respectively.

The volatile basic nitrogen (TVB-N) value was 
determined by semi-automatic Kjeldahl method. The 
ranges of reference of less than 15 mg·100g-1, less than 
20 mg·100g-1 and above 20 mg·100g-1 represent the 
meat is fresh, semi-fresh and decay, respectively.

Statistical analysis
The software SPSS 15.0 was used for statistical 

analysis and data processing. The experimental results 
were expressed by mean ±SD. Single-factor Analysis of 
Variance (ANOVA) was used to compare the difference 
between the control group and the experimental group; 
p<0.05 indicates that there are no significant differences.

Results

Changes of the loss rate of mutton juice in coating 
preservation

The main reason for the loss of meat juice is the ir-
reversible change of protein colloid, which makes the 

water in the gel structure can not be held and flow out 
of the tissue. It can be seen from Figure 1 that the loss 
rates of mutton juice for experimental groups exhibit an 
increasing tendency, the control group lost a lot of meat 
juice, the weight loss rate of untreated chilled mutton is 
significantly high. Juice loss percentage of experimen-
tal groups treated by chitosan and tea polyphenol was 
slightly better than juice loss percentage of chitosan 
and potassium sorbate, probably because chitosan and 
tea polyphenol edible film can covered the whole block 
of chilled mutton surface to prevent loss of meat juice. 
Therefore, water evaporation of the meat was reduced 
to a certain extent, which effectively avoid the loss of 
weight. While in the late stage of storage, juice loss 
percentage of chitosan coating group was less than that 
of tea polyphenol coating group, presumbably due to 
the special molecular structure and water soluble diffe-
rence of chitosan. Tea polyphenol has the water absorp-
tivity, juice loss percentage of tea polyphenol coating 
group was more serious comparing chitosan coating 
group with the extension of time.

Changes of pH value of mutton in coating preserva-
tion

As shown in Figure 2, pH value of fresh mutton is 
around 5.4-5.7. With the extension of storage time, pro-
tein is broken down into basic amine and ammonia, the 
pH value gradually increases, and the degree of decay 
also increases. The pH increment of control group was 
significantly higher than that of experimental groups, 
after one week the pH value of meat in control group 
was beyond maximum pH of 6.8 for fresh meat. Howe-
ver, the pH value of the fresh mutton coated by chito-
san still maintained at around 5.8. The reason can be 
attributed to two aspects. First, chitosan itself and the 
dilute acetic acid which dissolve chitosan have bacte-
riostasic activity, which slowed down the decomposi-
tion rate of protein; Second, dilute acetic acid reduces 
pH of mutton samples as a whole, while mutton coated 
by tea polyphenol and potassium sorbate showed no si-
gnificant difference in changing tendency of pH value. 
The pH reaches upper limit of fresh meat (pH=6.8) in 
approximately 12 days, indicating that tea polyphenol 

Figure 1. Changes of juice loss of chilled mutton in coating pre-
servation.
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forms of mutton and extend the preservation time. The 
antibacterial effect of tea polyphenol group was better 
than that of chitosan group, because chitosan itself is 
an antibacterial substance, and chitosan can dissolve in 
dilute acetic acid, the acid solute also has a certain inhi-
bitory effect.

Discussion

The strength and flexibility of potassium sorbate 
film is good, and the film has a bright and clean sur-
face, good transparency and resistance to oxygen, po-
tassium sorbate film can be applied for preservation of 
fruits, vegetables, candy, nuts and meat products (21-
27). In this study, potassium sorbate film was used for 
coating preservation of mutton, the results show that it 
can improve the total coliforms and TVB-N value, but 
the effect is not that obvious, the possible reason is that 
the membrane liquid and the surface of mutton did not 
closely contact with each other, it was failed to form a 
complete and uniform structure of membrane. Also, it is 
possible that the membrane permeability of potassium 
sorbate is higher. The film is easy to expand and damage 

and potassium sorbate coating has obvious fresh-kee-
ping effect (p<0.05).

Changes of the volatile basic nitrogen (TVB-N) value 
of mutton in coating preservation

Figure 3 shows that TVB-N values from all groups 
exhibit an increasing tendency with the extension of sto-
rage time. This result is probably due to the production 
of alkaline substances such as nitrogen and amines re-
sulting from decomposition of protein in mutton under 
the action of enzymes and bacteria. TVB-N values of 
all experimental groups were significantly lower than 
that of control group. For control group, TVB-N value 
reached 17 mg•100g-1 on the 7th day, and reached 25 
mg•100g-1 on the 12th day, respectively, which signifi-
cantly higher than the grade of fresh mutton. Potassium 
sorbate coating group did not show any obvious effects, 
but TVB-N values from tea polyphenol and chitosan 
coating groups were still less than 20 mg•100g-1 on the 
12th day and maintained within the acceptable range for 
fresh meat, the differences were significant (p<0.05). 
The increasing rate of tea polyphenol coating group is 
slightly slower than chitosan coating group, probably 
due to the higher viscosity of tea polyphenol film, which 
formed a more homogeneous and compact film on the 
surface of the mutton. Consequently it has a better ef-
fect on oxygen wan moisture resistance, and effectively 
inhibits the growth of bacteria to relieve decomposition 
rate of protein.

Changes of total coliforms of mutton in coating pre-
servation

The changes of total coliforms with storage time 
from all groups are shown in Figure 4. The total number 
of coliforms of fresh mutton is approximately 4.3. After 
a long period of storage, the number from all groups 
exhibited an increasing tendency. Especially for control 
group, the total number of coliforms increased drama-
tically. The antibacterial effect of potassium sorbate 
coating group was not as good as the other two groups. 
The total number of coliforms on the 12th day was still 
less than 5.5 for tea polyphenol and chitosan coating 
groups. Therefore, tea polyphenol and chitosan film can 
effectively inhibit the increase of total number of coli-

Figure 2. Changes of pH of chilled mutton in coating preservation.
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Figure 4. Changes of total coliforms of chilled mutton in coating 
preservation.

Figure 3. Changes of TVB-N values of chilled mutton in coating 
preservation.
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when it contacts with water, and the water content of 
the chilled mutton is high. In addition, it was also found 
that the meat of potassium sorbate film coated mutton 
became more and more stiff and was not acceptable for 
food with the extension of storage time, which might 
also due to the high permeability of the film. Therefore, 
the film is not suitable for the preservation of mutton.

Chitosan has been widely used in the storage of fruits 
and vegetables as well as meat products because of its 
good performance (1-8). Chitosan itself has the antibac-
terial effect. The increase of total coliforms suggested 
that the mutton preserved by chitosan membrane liquid 
coating can delay the growth time of coliforms and re-
duced the total coliforms in mutton during the process 
of storage. However, TVB-N value, color effect were 
not very good probably because the chitosan membrane 
and the mutton were not closely contact with each other, 
the resulting film has poor physical properties, which 
can not completely resist oxygen. In addition, due to the 
use of the dilute acetic acid solution, the volatilization 
of a small amount of acetic acid during the process of 
storage will hamper the flavor of mutton. Therefore, 
chitosan is not suitable for the preservation of chilled 
mutton.

  In this study, the effect of tea polyphenol film coa-
ting preservation is the best, presumably because the 
main antibacterial mechanism of film preservation is the 
role of the barrier of external coliforms and resistance to 
oxygen and moisture (11-17). Tea polyphenol solution 
is highly viscous, it can be better coated on the surface 
of the mutton to form a layer of dense and complete 
membrane. On the one hand, the mechanical properties 
of the film play a significant role to meat preservation; 
On the other hand, the barrier effect of the membrane 
has been fully exhibited. However, the loss amount of 
mutton juice is larger with the extension of storage time 
due to the strong water absorption of tea polyphenol. 
The technology needs to be modified for better perfor-
mance of meat preservation.

Three different films were investigated for coating 
preservation of mutton in refrigerated conditions. The 
results showed that the fresh-keeping effects of coa-
ting with tea polyphenol are best among the three films. 
Comparing the control group, tea polyphenol coated 
mutton can extend the shelf life for around one week. 
Total coliforms, TVB-N value, etc were obviously lower 
than those of the control group. The comprehensive pre-
servation effects are better than chitosan and potassium 
sorbate membrane.
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