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Study on Optimum Combination of Nisin, Tea Polyphenols and Chitosan
in Preservation of Chilled Mutton Using Response Surface Methodology
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Abstract ：The percentages of Nsin, tea polyphenols and chitosan in the preservation of chilled mutton were optimized using

the response surface methodology with the application of SAS software. Vacuum packaged chilled mutton was stored at 3±1 ℃

and treated with preservatives consisting of Nisin, tea polyphenols and chitosan. Total volatile basic nitrogen (TVB-N) values

of samples were determined after three weeks. Results showed that antimicrobial efficiencies of Nisin are better than those of tea

polyphenols and chitosan. There is extremely significant synergy between Nisin and chitosan (p＜0.01). No significant synergies

are observed between tea polyphenols and Nisin (p＞0.05) and between ten polyphenolsand chitosan (p＞0.05). The optimum

compound antimicrobial is the combination of 0.137% Nisin, 1.395% chitosan and 0.158% tea polyphenols.
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Nisin、茶多酚、壳聚糖复合保鲜冷却羊肉的配比优化研究
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摘   要：本研究利用响应面法对 Nisin、茶多酚、壳聚糖进行复配组合，应用于冷却羊肉中，真空包装后贮藏

于 3 ± 1℃环境中，3w 后测其挥发性盐基氮值，研究其交互作用，确定复合保鲜剂最佳配比。结果表明，三种

保鲜剂的抑菌效果依次为 Nisin ＞壳聚糖＞茶多酚；Nisin 和壳聚糖之间存在极显著的交互效应(p ＜ 0.01)，茶多酚

与 Nisin、茶多酚与壳聚糖之间的交互效应不显著(p ＞ 0.05)；复合保鲜剂 Nisin、壳聚糖、茶多酚的最佳配比分别

是 0.137%、1.395%、0.158%。
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Growth of contaminated microorganism is the major
cause of spoilage of chilled mutton. To prolong shelf life of
chilled mutton, it is critical to adopt effective measure of
sterilization and bacteriostat. Nowadays, no single food
preservation can effectively restrain or kill all microorgan-
isms in food. According to hurdle principle, combining dif-
ferent type preservatives can not only has enhanced effect,
but may also reduce dosage of each kind of preservative[1].
More and more people have begun to repulse almost all

chemistry preservatives because of their potential damage to
human being's health. Researches of natural innocuous pre-
servatives have attracted more and more attentions. Many
researches have been performed concerning the complex com-
bination of chemistry preservatives and the biological preser-
vatives or in the field of chemistry preservatives application.
Significant synergy has been discovered between Nisin and
EDTA[2-3]. Previous researches have also revealed significant
synergy between Nisin and lactic acid sodium[4-6]. But there is
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little information about the compound biological preserva-
tives applied to prolong shelf life of chilled meat. Moreover,
researches on interaction and optimum percentages of Nisin,
tea polyphenols and chitosan in the preservation of chilled
mutton are still lack. In this study, the interaction and opti-
mum percentage of Nisin, tea polyphenols and chitosan in the
preservation of chilled mutton were researched using the
response surface methodology with the application of SAS
software. The goal is to explore effective measures to pro-
long the shelf life of chilled mutton.

1 Materials and Methods

1.1 Sample preparation
Fresh mutton, ham portion without skin, was collected

from the local supermarket early in the morning, approxi-
mately 2 hours after slaughter. The samples were brought
immediately to laboratory and kept in the refrigerator ad-
justed at 0～4 ℃ for about 24 hours. The mutton was di-
vided into 69 pieces, each approximately 150 g. The samples
were divided into 23 groups stochastically. Each group had
3 pieces. All operation was carried out in a clean room using
cleaned knife and chopping board. Every group sample was
lain down on clean sieve tray for 3 ～ 5 minutes after soaking
30 seconds in corresponding compound antimicrobials liq-
uid and then packaged in vacuum environment.
1.2 Wrapping material

Airtight oxygen multi-layer compound membrane pro-
vided by VISKASE Corporation of America was used. O2

transmission rate was 19 cm2/24h atm (23℃, 0% RH).
1.3 Concentration of biological preservatives

According to food additive standard of China, addition
of Nisin, tea polyphenols, chitosan in meat were permitted
when their concentration were below 0.05%, 0.04%, 0.6%
respectively. The weight of mutton sample may increase
because of water absorption. Based on single factor experi-
ment and correlated literature[7] and taking the above matters
into consideration, Study set the biggest concentration of
Nisin, tea polyphenols and chitosan as 0.15%, 0.30%, 1.5%
respectively.
1.4 Preparation of preservatives

Nisin solutions: different concentrations of Nisin solu-
tions were prepared through dissolving nisin in sterile water.

Tea polyphenols solutions: tea polyphenols were dis-
solved in sterile water and different concentrations of tea
polyphenols solutions were prepared.

Chitosan solutions: glacial acetic acid was dissolved in

sterile water and 1% acetic acid solution was prepared. After
dissolving chitosan in this solution, different concentrations
of chitosan solutions were prepared.
1.5 Determination of TVB-N of mutton

Total volatile basic nitrogen (TVB-N) of mutton was
determined by kjeldahl.
1.6 Experimental design for response surface methodology

The response surface methodology (RMS) was used to
study the optimal combination of Nisin, tea polyphenols and
chitosan and relationship between response functions and
variables. The concentration of Nisin (X1), tea polyphenols
(X2) and chitosan (X3) were selected as the independent
variables, whose coded and actual values were listed in
Table1.

The TVB-N of the samples treated with different per-
centages of the three preservatives after 3-week storage was
chosen as dependent variables or response. The behavior
of the system could be described by the following second-
order polynomial:

y= β0 + Σβixi + Σβiixi2 + Σβijxi xj+ ε

In this equation,εwas the predicted response; β0 was
the interception coefficient；βi was the linear term；βii

was the quadratic term；βij was the interaction term[8-9] xi

and xj  were the coded levels of the independent variables.
Twenty three sample combinations were generated from

the SAS software in experimental design using the three fac-
tors quadratic rotating design in experimental runs as shown
on Table 1 and Table 2.

The experiments conducted on the various combina-
tions were then tabulated accordingly and analyzed using
response surface regression analysis.

preservative
Independent

Zj Zj1 Zj2 Zj0 Δ j Zj0－Δj Zj0 +Δ j
variable

Nisin (%) X1 Z1 0.05 0.15 0.10 0.0297 0.0703 0.1297
Chitosan (%) X2 Z2 0.50 1.5 1.0 0.297 0.703 1.297

Tea polyphenols (%) X3 Z3 0.10 0.30 0.20 0.0594 0.1406 0.2594
Code －1.682  1.682 0 －1 1

Table 1     Codes and levels of factors chosen for trials

i i i ＜ j

1.7 Statistical analysis
All the statistical analysis were performed in statistical

analysis system SAS 9.0 software. The significant probability
was set at p ＜ 0.05.

2 Results and Analysis

2.1 Establishment of regression equation and statistical analysis



     2008, Vol. 29, No. 12 食品科学 ※包装贮运714

No. X1 X2 X3 TVB-N (mg/100g)
1 －1 －1 －1 11.6
2 －1 －1 1 12.1
3 －1 1 －1 11.3
4 －1 1 1 13.2
5 1 －1 －1 11.5
6 1 －1 1 11.9
7 1 1 －1 9.24
8 1 1 1 9.90
9 －1.682 0 0 12.2
10 1.682 0 0 10.6
11 0 －1.682 0 12.4
12 0 1.682 0 10.4
13 0 0 －1.682 10.2
14 0 0 1.682 11.5
15 0 0 0 11.2
16 0 0 0 10.8
17 0 0 0 9.80
18 0 0 0 8.90
19 0 0 0 9.60
20 0 0 0 9.70
21 0 0 0 9.50
22 0 0 0 10.1
23 0 0 0 9.55

Table 2   Design and results of response surface methodology

Note: X1.Nisin; X2.chitosan; X3. tea polyphenols.

TVB-N values of 23 group samples were determined
within the allotted time and results were shown in Table 2.

The data of the Table 2 were analyzed using multiple
regression analysis. The results of variance analysis, param-
eter estimation and the significance analysis were showed in
Table3 and Table4 based on output results of SAS. TVB-N
value of chilled mutton (Y) was chosen as respond value
and Nisin (X1), tea polyphenols (X2) and chitosan (X3) were
chosen as independent variable, the regression equation was
as follows:

Y=9.904555－0.611440X1－0.499625X2+0.413421X3+
0.537904X1－ 0.632500X2X1+0.537904X2－ 0.167500X3X1+
0.207500X3X2+0.343498X3

Regression source DF Sum of squares Mean square F value Pr ＞ F
Total model 9 25.547334 2.83859 8.38 0.0004

Linear 3 10.849644 3.616548 10.67 0.0008
Quadratic 3 10.928340 3.64278 10.75 0.0008

Crossproduct 3 3.769350 1.25645 3.71 0.0398
Lack of fit 5 0.442887 0.088577 0.18 0.9629
Pure error 8 3.962222 0.495278
Total error 13 4.405109 0.338855

Corrected total 22 29.952443

Table 3   Analysis of variance and coefficient of determination for
Second-order model fitted to response surface

Parameter Estimate t value Pr ＞ |t|
Intercept 9.904555 51.08 ＜ 0.0001

X1 －0.611440 －3.88 0.0019
X2 －0.499625 －3.17 0.0073
X3 0.413421 2.63 0.0210
X1 0.537904 3.68 0.0027

X2X1 －0.632500 －3.07 0.0089
X2 0.537904 3.68 0.0027

X3X1 －0.167500 －0.81 0.4303
X3X2 0.207500 1.01 0.3317
X3 0.343498 2.35 0.0350

Table 4   Parameter estimation and significance analysis

The analysis of variance (ANOVA) in Table 3 showed
that the model was actual significant. The F= 8.38 and thep ＜
0.001 did in fact demonstrate that this regression was statis-
tically significant at 99% confidence level. Besides, the fit of
the model checked by the coefficient of determination (R2)
was 0.9529, thus, only 4.71% of the total variations in the
response could not be explained by the model.
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In Table 4, the three linear regression coefficient abso-
lute value of regression equation was X1 ＞ X2 ＞ X3. This
showed that the bacterium-restrain effect of nisin was better
than that of chitosan, the bacterium-restrain effect of chitosan
was better than that of tea polyphenols. Furthermore, test of
significance of partial regression coefficient showed that
there was a significant interaction of nisin and chitosan (p
＜ 0.01). The interactions between tea polyphenols and ni-
sin and between tea polyphenols and chitosan were not sta-
tistically significant (p ＞ 0.05).
2.2 Single factor utility analysis

During the single factor utility analysis, in order to
describe the bacterium-restrain effect when the factor
changed, drop-dimension analysis was adopted to fix other
factors on zero leveling. Single factor utility equations of the
three factors were as follows:

Y1=9.904555－0.61144X1 +0.537904X1

Y2=9.904555 －0.499625X2+0.537904X2

Y3=9.904555 +0.413421X3+0.343498X3

From the equations above, the single factor utility curve
could be obtained as Fig.1. As shown in Fig.1, Nisin, chitosan
and tea polyphenols had the minimum value respectively at
the range of corresponding code value. The TVB-N value
would have the minimum value when the code value of nisin,
chitosan and tea polyphenols were 0.568354204, 0.464418372
and－ 0.601780796, respectively. The additive quantity of the
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three preservatives had the negative correlation with the
TVB-N, before attained the minimum value while the additive
quantity of the three preservatives had the positive correla-
tion with the TVB-N after attained the minimum value.

The single factor marginal utility equation could be
obtained through seeking the first order partial derivative of
the single factor utility equation. The single factor marginal
utility showed the variational speed of TVB-N along with
change of the adding quantity of preservatives. The single
factor marginal utility equations were as follows:

dY/dX1= －0.61144 +1.075808 X1

dY/dX2= －0.499625+1.075808 X2

dY/dX3= 0.413421 +0.686996X3

Fig.2 was the marginal utility curve. The slope of nisin
and chitosan were bigger. This showed that the adding
quantity of nisin and chitosan had a bigger effect on the
TVB-N than the tea polyphenols.

Fig.1    Single factor utility curves of three preservatives
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Fig.2     Marginal utility curves of three preservatives
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zero level. Effect of interaction equation between nisin and
chitosan was as follows:

Y=9.904555－0.611440X1－0.499625X2+0.537904X1－

0.63250X2X1+0.537904X2

As shown in the response plot (Fig.3), Y value de-
creased with increasing of chitosan when Nisin was in the
level of high code value; Y value decreased with increasing
of Nisin when chitosan was in high level of code value. Y
value was relatively low when the two factors were both in the
level of low code value. So the two factors code value should
be kept in a low level in application.

2.3 Effect of interaction analyses
Test of significance of partial regression coefficient

showed that there was a extremely significant interaction
between Nisin and chitosan (p ＜ 0.01). The interaction
between tea polyphenols and Nisin and between tea
polyphenols and chitosan were not statistically signifi-
cant (p ＞ 0.05). During the effect of interaction analyses,
drop-dimension analysis was adopted to fix other factors on

Fig.4    Contour line of Nisin and chitosan
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The contour line plot indicted that whether the interac-
tion of the two factors had a significant influence on the
TVB-N[9]. The circular contour line showed that the interac-
tion between the two factors had less influence on the TVB-
N. Factors whose coordinate delegated along the direction
of the thicker planar contour line were the main aspect of the
interaction. As shown in the Fig.4, the analysis result of

Fig.3   Response surface of Nisin and chitosan
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contour line was the same as the response surface above.
2.4 Establishment of combination of preservatives and
verification of the regression model

The optimum percentage of compound preservatives
was obtained using SAS software combined with the re-
sponse surface methodology. The optimum percentage of
Nisin, tea polyphenols and chitosan were 0.1369%, 1.395%
and 0.1584%, respectively.

The compound preservatives were made according to
the optimum percentage. The samples were treated with them
according to the method of 1.1. Determination of TVB-N of the
samples was the same as 1.5.

The increasing rate of TVB-N value as index was
calculated according to the equation below:

Increasing rate of TVB-N value=( TVB-N value of
21days－ original TVB-N value)/ original TVB-N value.

The results of verification were as follows:
The increasing rate of TVB-N value of the regression

model=(9.047538－5.61)/5.61=61.27%
The increasing rate of TVB-N value of the experiment of

verification=(9.78－5.97)/5.97=63.82%
The model error was found to be only 2.55%, testifying

that the regression model was satisfactory.

3 Conclusions

3.1 Results showed that Nisin antimicrobial efficiencies
were better than that of tea polyphenols and chitosan.
3.2 There was extremely significant synergy between nisin
and chitosan (p ＜ 0.01), but there was statistically insignifi-

cant synergy between tea polyphenols and nisin (p ＞ 0.05)
and between tea polyphenols and chitosan (p ＞ 0.05).
3.3 The optimum combination of compound preservatives
was 0.137% Nisin, 1.395% tea polyphenols and 0.158%
chitosan. The model error was only 2.55%. This testified that
the regression model was actually significant.
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