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Abstract During the microwave treatment process of the
milk, response surface methodology (RSM) based on three-
level three-factorial Box-Behnken design was used. The re-
sponse vitamin C concentration was studied. The predicted
value of model (11.84 μg/mL) was in excellent accordance
with experimental value (11.83 μg/mL). Milk layer thickness
was the most significant factor that affects the measured
responses, and the effects of microwave time and microwave
power were dependent on milk layer thickness levels. The
variables microwave time,milk layer thickness and micro-
wave power have the opposite effect on vitamin C concentra-
tion in milk treated by microwave. Synergistic interactions
between milk layer thickness and microwave power was
highly significant (p<0.0001).

Keywords Cow’s milk .Milk layer thickness .Microwave
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Introduction

Vitamin C (ascorbic acid) is on of the most important biolog-
ically active substances which humans should receive in a
sufficient amount together with food. Vitamin C also has some
impact upon the act ivi ty of ferments and other
vitamins,stimulates regeneration of tissues and enhances im-
munity to infections. Vitamin C is also necessary for the
absorption of iron (Giese 1995). Therefore, vitamin C is
widely used as an additive to improve the quality of food
products. It is known that vitamin C inhibits oxidation pro-
cesses and can be used as an antioxidant (Padayatty et al.

2003; Giese 1995). Milk is one of the basic food products.
However,the amount of vitamin C naturally available in milk
is rather small. Vitamin C is among the least stable vitamins.
That vitamin is hghly susceptible to oxidation.Metal ions,heat
and light accelerate that process (Gil et al. 1999).
Therefore,technological processes used for manufacturing
milk products have an impact on the amount of vitamin C in
the finished product. It is considered that the biggest amount
of vitamin C is lost during sterilization process (Gliguem and
Birlouez-Aragon 2005).

Microwave processing of milk has been proposed as an
alternative to conventional heating methods (Sieber et al.
1989; Vasavada 1990; Young and Jolly 1990). To the effec-
tiveness of microwave sterilization,milk layer thickness, mi-
crowave time and microwave power are major effect factors.
Several works on microbiological and nutritional aspects to
ascertain the safety and nutritional value of microwave-treated
milk (Choi et al. 1993a; 1993b; Galuska et al. 1989; Khalil
and Villota 1988; LopezFandino et al. 1996; Merin and
Rosenthal 1984; Stearns and Vasavada 1986; Villamiel et al.
1996a; 1996b).

It is well known that one of the most serious threats to the
nutritional value of milk is the destruction of very heat-
sensitive vitamins,like vitamin C.In this sense,some studies
on ascorbic acid changes during conventional and microwave
processes have been carried out recently (Wernery et al. 2005;
Donglin and Yasunori 2004).

Response surface methodology (RSM) can be used to
evaluate the relative significance of several factors in the
presence of complex interactions. It is a powerful technique
for testing multiple-process variables because fewer experi-
mental trials are needed as compared with the study of one
variable at a time. RSM answers the question of how to select
the levels for the applied factors to obtain the desirable,
smallest or largest, value of the response function in a reduced
number of experiments (Hanrahan and Lu 2006). This
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technique includes primary screening of variables by the
application of “one variable at a time” method or Plackett-
Burman design (Xin et al. 2005; Preetha et al. 2007) as well as
using a design for fitting the chosen model (Myers and Mont-
gomery 1995). The most popular approach is based on full
factorial central composite design (CCD), which enables one
to estimate the coefficients of a second-order model.

In this study, RSM combined with Box-Behnken design
was used to study the vitamin C concentrations in microwave
treated milk. By the use of three-level three-factorial Box-
Behnken design and a full range of RSM, the following
parameters were optimized: microwave power, microwave
time, milk layer thickness. A second-order polynomial regres-
sion model was used to generate three-dimensional response
surfaces of vitamin C concentrations. The regression model
would provide a good explanation of the relationship between
the independent variables and the response.

Materials and methods

Materials Raw cow’s milk used in this research was obtained
from the Experimental Farm of the Inner Mongolia Agricul-
tural University. Milk was kept refrigerated at 4±0.5 °C until
it was processed. Methanol (chromatographic pure, Fisher
Chemicals, USA),vitamin C (chromatographic pure, Sigma,
USA). Other reagents were of analytical grade.

Experimental design The three-level, three-factorial Box-
Behnken experimental design with categoric factor of 0 was
employed to study the effect of microwave based on the
concentration of the vitamin C concentrations in milk (re-
sponse). The design was composed of three levels (low, me-
dium and high, being coded as −1, 0 and +1) and a total of 17
runs were carried out in duplicate to optimize the level of
chosen variables, such as microwave power, microwave time,
milk layer thickness. For the purpose of statistical
computations,the three independent variables were denoted
as x1, x2,and x3, respectively. According to the preliminary
experiments, the range and levels used in the experiments are
selected and listed in Table 1. The experimental design matrix
by the Box-Behnken design is tabulated in Table 2 and corre-
sponding experiments were performed.

The results were analyzed by applying the coefficient of
determination (R2), response plots and analysis of variance
(ANOVA). Central composite design was chosen to estimate
the response calculated according to the following form of a
second degree polynomial Eq. (1):
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X
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where Y is the estimated response, β0, βi, βii, andβij are the
regression coefficients for the intercept, linearity, square, and
interaction, respectively, Xi and Xj (i=1–3, j=1–3 and i≠j) are
the different interaction coefficients between input factors.
The equation expresses the relationship between the predicted
response and independent variables in coded values according
to Tables 1 and 2.

Vitamin C assay The milk vitamin C concentration was mea-
sured by High Performance Liquid Chromatography (Agilent
1100, Agilent, USA) using the following procedure (Wernery
et al. 2005).

Each milk sample was piptted into a 100 ml cylinder to
which 1 g of citric acid was added. This solution was
carefully mixed,and 50 ml of meta-phosphoric acid (1.5 g
meta-phosphric acid in 100 ml of sterile distilled
water,adjusted to pH3.5 with a 60%KOH solution)added.
After mixing gently, distilled water was added to the
100 ml mark. This solution was incubated for 5 min at
room temperature and filtered through 0.45 μm filter. The
milk filtrate was then treated with Chromsystems
reagents.

The setting of HPLC for vitamin C was as follows:
Column: Zorbax SB-C18 5 μm, 4.6 mm×250 mm,Agilent,

USA;
Mobile Phase: 0.015 mol/L HAc-NaAc buffer solution

(pH3.5)/Methanol (95/5,V/V);
Column Temp.: 30 °C;
Injection Volume: 10 μL
Flow rate: 1.0 ml/min;
UVdetector wavelength: 254 nm.

Results and discussion

Statistical analysis The effect experiments are conducted
according to the design matrix and corresponding results
are listed in Table 2. The quadratic equation for predicting
the optimum point was obtained according to the Box-
Behnken design and input variables, and then the empir-
ical relat ionship between the response and the

Table 1 Independence factors and corresponding levels

Variables Real values of coded levels

−1 0 1

milk layer thickness,x1 (cm) 3 4 5

microwave time,x2 (s) 40 60 80

microwave power,x3 (W) 160 320 480
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independent variables in the coded units was presented on
the basis of the experimental results as follows:

Y ¼ 11:70−0:052X 1−3:28X 2−0:019X 3

þ 0:022X 1X 2−0:098X 1X 3 þ 0:010X 2X 3

þ 0:051X 1
2−0:12X 2

2−0:046X 3
2 ð2Þ

where Y is the vitamin C concentration, X1, X2 and X3 is
milk layer thickness, microwave time and microwave power,
respectively.

The results of the analysis of variance (ANOVA) for the
quadratic equation are tabulated in Table 3. The ANOVA
indicates the equation and actual relationship between the
response and significant variables represented by the equation
are accurate. The significance of the coefficient term is deter-
mined by the values of F and p, and the larger the value of F

Table 2 Box–Behnken design
matrix and corresponding experi-
mental and predicted responses

Runs milk layer thickness
x1 (cm)

microwave time
x2 (s)

microwave power
x3 (W)

Yexperimental

(μg/mL)
Y predicted

(μg/mL)

1 5 60 480 11.53 11.51

2 4 60 320 11.69 11.70

3 5 40 320 11.74 11.72

4 4 60 320 11.78 11.77

5 3 40 320 11.51 11.52

6 3 60 480 11.57 11.59

7 4 60 320 11.83 11.84

8 4 60 320 11.70 11.70

9 4 80 480 11.56 11.58

10 4 40 160 11.71 11.70

11 4 40 480 11.69 11.70

12 5 60 160 11.64 11.65

13 4 80 160 11.54 11.53

14 4 60 320 11.54 11.54

15 3 80 320 11.58 11.57

16 5 80 320 11.72 11.70

17 3 60 160 11.68 11.68

Table 3 ANOVA for response surface quadratic modela

Source Sum of squares df Mean square F value p-Value Prob>F

Modelb 0.15 9 0.016 45.83 <0.0001 Significant

X1 0.022 1 0.022 61.62 0.0001 Significant

X2 0.001512 1 0.001512 4.23 0.0788

X3 0.002812 1 0.002812 7.86 0.0264 Significant

X1 X2 0.002025 1 0.002025 5.66 0.0490 Significant

X1 X3 0.038 1 0.038 106.26 <0.0001 Significant

X2 X3 0.0004 1 0.0004 1.12 0.3255

X1
2 0.011 1 0.011 31.21 0.0008 Significant

X2
2 0.062 1 0.062 172.27 <0.0001 Significant

X3
2 0.008909 1 0.008909 24.90 0.0016 Significant

Residual 0.002505 7 0.0003579

Lack of fit 0.001825 3 0.0006083 3.58 0.1249 not Significant

Pure error 0.00068 4 0.00017

Cor total 0.15 16

a The results were obtained with the Design Expert 8.0.5b software
bX 1 is milk layer thickness (cm). X2 is microwave time (s). X3 is microwave power (W)
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and the smaller the value of p, the more significant is (Amini
et al. 2008; Kalavathy et al. 2009). The p is lower than 0.05,
suggesting the model is considered to be statistically signifi-
cant (Kim et al. 2003). For the treated milk system, the
ANOVA results indicated the F-value for the model was
45.83, suggesting that only a 0.01 % chance of a“Model F-
value”so large could occur due to noise and the most of the
variation in the response could be explained by the regression
equation and that the model was significant. In addition, the
probability p<0.0001 also validated the model was
significant.

In the present investigation, X1X3 and X2
2 were highly

significant parameters, while X1, X3, X1X2, X1
2and X3

2 were
significant factors. The other model terms were not significant
(Table 3). Based on the analysis of Eq. (2) depicted that the

variables microwave time,milk layer thickness and micro-
wave power have the opposite effect on vitamin C concentra-
tion in milk treated by microwave. Synergistic interactions
between milk layer thickness and microwave power was
highly significant (p<0.0001).On checking the R2 values,
the“Predicted R2”of 0.7984 was in reasonable agreement with
the “Adjusted R2” of 0.9619. “Adequacy Precision”measures
the signal to noise ratio. It is reported that a ratio greater than 4
is desirable (Muthukumar et al. 2003). The ratio of 22.486
suggested an adequate signal. As analyzed above, this model
can be used to navigate the design space.

The data were analyzed to examine the correlation between
the experimental (Yexperimental) and predicted responses, as
given in Fig. 1. As can be seen that the data points were well
distributed close to a straight line (R2=0.9833), which sug-
gested an excellent relationship between the experimental and
predicted values of the response, and the underlying assump-
tions of the above analysis were appropriate. The results also
indicated that the selected quadratic model was adequate in
assuming the response variables for the experimental data.

Three-dimensional response surface plot Vitamin C concen-
tration in milk as the response, the threedimensional response
surface plots are shown in Fig. 2. It was obvious that vitamin
C concentration was sensitive to milk layer thickness and
microwave power, which was consistent with those analyzed
about Table 3.

Figure 2a depicted the three-dimensional response surface
relationship between microwave power and microwave time
on the vitamin C concentration in milk treated by microwave
at milk layer thickness of 4 cm. The vitamin C concentration
increased from 11.68 to 11.76 μg/mL and then decreased to
11.69 μg/mL at microwave time of 60s when microwave
power increased from 160 to 480w. The vitamin C concentra-
tion increased from 11.59 to 11.76 μg/mL and then decreased
to 11.58 μg/mL at microwave power of 320 W as microwave
time increased from 40 to 80s. The effect of microwave time-

Fig. 1 Plot of the experimental and predicted responses

Fig. 2 Response surface plots of adsorption capacity versus the effect of variables of a x2x3, b x1x2, c x1x3
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milk layer thickness was such that, the vitamin C concentra-
tion increased from 9.8 to 11.76 μg/mL as milk layer thick-
ness increased from 3 to 5 cm (Fig. 2b, at microwave time of
60s) indicating high milk layer thickness was favorable for the
enhancement in the vitamin C concentration in the milk treat-
ed microwave. The effects of microwave power and milk
layer thickness (Fig. 2c at milk layer thickness of 4 cm) are
same to that in Fig. 2a and b. The information indicated that
appropriate milk layer thickness, microwave time and micro-
wave power would render treated milk with higher vitamin C
concentration.

Conclusions

The use of RSM has facilitated the evaluation of the vitamin C
concentrations in microwave treated milk in these studies.
Three-dimensional and contour-response surface plots clearly
demonstrate the impact of the different levels of milk layer
thickness, microwave time and microwave power on the
vitamin C concentration in the milk treated microwave. The
response surface plots show that milk layer thickness was the
most significant factor that affects the measured responses,
and the effects of microwave time and microwave power were
dependent on milk layer thickness levels. The variables mi-
crowave time,milk layer thickness andmicrowave power have
the opposite effect on vitamin C concentration in milk treated
by microwave. The use of this approach has permitted the
identification of significant factors for the effects of micro-
wave studied in this research and provides a framework for
further investigation.
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