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Abstract. Milk is a complex food product, with a high nutritional value. Milk produced from
healthy cow is considered to be sterile, even though this is highly dependent on the environment
of farm. Milk is processed to bring a cured with extend shelf life product. Pasteurization, is a
curing process for milk based on thermal treatment, this process mostly inhibit the microbial
growth but it does not destroy total microorganisms. Consequently, its shelf life is dependent on
the storage parameters as temperature and time. Hence, the aim of our study was to analyze and
prove indication of temperature and time by using statistical method called Response Surface
Methodology (RSM). Experiments are designed with to independent variable temperature and
time while as dependent variable is considered the total number of microorganisms (standard
plate count). Results showed that storage temperature is the main factor that can extend the shelf
life of the product, while for the predication of the shelf life of the product by using build equation
by RSM, remains to be seen in future studies.
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INTRODUCTION

Milk is considered to be an excellent food that provides major nutritional requirements to man at
any age [1]. Pasteurization of milk is a middle thermal treatment of raw milk which include
treatment of milk between 72-63 °C for 157-30°, respectively. After pasteurization process milk
should be packed and storage in refrigerator temperature until it reaches to consummator table.
Pasteurized milk is more preferred for consummation and kitchen than UHT milk, because shows
less losses in nutritional value, less thermal changes in organoleptic characteristics [2].
Furthermore, extended shelf life pasteurized milk is favorite product now compared with the
conventionally one, due to high request of the market for products with prolonged shelf life.
There are several techniques for producing extended shelf life milk high-heat treatment, high
hydrostatic pressure, pulsed electric fields and microfiltration or bactofugation [3].

Microbial spoilage are responsible for food product losses, which has economical effect in food
industry. Author Ranieri et al, reported that 20% of pasteurized milk produced in US is discarded
for the reason of microbial spoilage. Bacillus and Paenibacillus reported to be problematic one,
which cause spoilage of pasteurized milk. Accordingly to that, authors use real time PCR by
specific TagMan assay to identify psychrotolerant spore-forming of Paenibacillus spp. in raw
and heat treated milk. Author reported that TagMan assay make available to differentiate raw
milk with the potential for lower post-pasteurization bacterial outgrowth [4].
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Raw milk contamination from gram negative bacteria as result of poor hygienic practices in
milking process and transport was reported by [5]. Although, in the same milk no gram negative
bacteria was detected after pasteurization process. In contrast author Anderson et al [6] reported
that majority of milk samples even though unexpired and pasteurized contained high levels of
Enterobacter spp. and Escherichia coli, so they recommend that pasteurization process should
be tested in each series for its effect.

Most of the time storage temperature of pasteurized milk is found to be abused, a slight abuse of
storage temperature around 7°C resulted with more than 105 CFU/ml Bacillus cereus and about
4% enterotoxin of B. cereus which could lead to foodborne illness while higher temperature of
storage brought higher percentage of contamination [7].

A linear predictable model for Listeria monocytogenes growth in pasteurized milk was built in
studies [8] based on temperature and time during transportation, retail storage, and domestic
storage. The build model predicted that in around 44% of the packed milk L. monocytogenes will
grow until the time of consumption, they also concluded that decrease of the storage temperature
for 2°C will extend the shelf life for two days more. Same group of researchers published another
article about dynamic model for growth of L. monocytogenes in commercial pasteurized milk.
Build model predicted results with less than 10% mistake which is a good results considering that
there was no standardization of the samples during model building [9].

MATERIALS AND METHODS

Materials

All materials that are used for medium preparation were from lab standard source, and all the
work is done in aseptic way.

Sampling

Pasteurized commercial milk comes regularly to food markets every day in the morning. Milk
that was used in this study was packed in the plastic bag of 1L. The shelf life of the milk
recommended by producer was 48h after the date of production which was printed in the bag.
Samples were transport to the laboratory by cooler bag and storage to different temperatures for
certain amount of time based in designed experiments. Each sample was analyzed for total
number of colony and total number of coliforms.

Experiment design

Response Surface Methodology was used to design experiments, based on the number of
independent variables that will be treated. Temperature and time of storage were used as
independent variable, while as dependent variable number of total colony formed and number of
total coliform was analyzed. According to the number of independent variables of the study the
number of experiments that will be performed are calculated as below:

N=2*n+2"+n=2*2+22+2=10 (1)
Where, N- is number of experiments, n- is the number of independent variables. The highest
values of experiments 53h-20°C, while the lowest ones are 20h-2°C for time and temperature
respectively. Below is given the table with the designed experiments which report for 4 star
points, 4 factorial points and 2 center points [10].
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Table 1 Designed experiments with time and temperature of storage as independent variable

No.
experiments

Storage time

Storage temperature

SBoo~wooswN R

48
24
48
24
53
20
36
36
36
36

4
4
15
15
10
10
20
2
10
10

Spread plate technique for Total number of colony and total coliform

For determination of total number of colony and total coliform spread plate technique was used
as reported by [11]. Form each diluted sample 0.1ml were placed and spread in petri dish plate
with Nutrient agar or Endo-Les agar-bose for total number of colony and total coliform,
respectively. Samples were incubated at static incubator at 37°C for 48h. Samples are read and

calculated by excel based on [10] for building a linear regression equation.

RESULTS

Using RSM ten experiments were designed for two independent variables. Both, total number of
colony and total coliform were measured in petri dish plate by spreading techniques. Moreover,
to decrease the probability of any random error and make results more confident each sample is

done in triplicate. Results shown below in Table 2, are average of each triplicate results.

Table 2 Results for Total number of Colony and total coliform

No. experiments  Time Temperature  Total number of Coliform
colony cfu /ml cfu/ml
1 48 4 29*102 0
2 24 4 12*102? 3*10?
3 48 15 10*10* 0
4 24 15 78*103 0
5 53 10 664*10* 0
6 20 10 446*103 0
7 36 20 48*10* 0
8 36 2 258*104 0
9 36 10 17*102 0
10 36 10 12*102 0

R x64.3.3.3 free software was used to statistically analyze the data and also by the summarized
data we build the equation where, as independent variable are time x1 and temperature x2 while
cfu/ml is dependent variable written by yobs. Below are shown how the data are calculated and

the results in R code.
> modell<-1lm(yobs~x1+x2)
> summary (modell)
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Call:

Im(formula = yobs ~ x1 + x2)
Residuals:
Min 10 Median 30 Max

-2459032 -1022408 -116392 800773 4023868

Coefficients:

Estimate Std. Error t wvalue Pr(>|t])
(Intercept) -1824819 2624249 -0.695 0.509
x1 93671 61730 1.517 0.173
X2 -52359 122208 -0.428 0.681

Residual standard error: 2067000 on 7 degrees of freedom
Multiple R-squared: 0.2621, Adjusted R-squared: 0.05124
F-statistic: 1.243 on 2 and 7 DF, p-value: 0.3452
Intercept and two partial regression coefficients for time and temperature were shown from
software in column Estimate. The build model is shown below

y = —182.48 = 10* 4+ 936.7 * 10%x; — 523.59 * 10%x, (2)
Using R software R? statistic is calculate for the regression model build, which resulted to be
only 0.26. In addition to analyze reliability of the data a logit model was analyzed, the build
model did not bring any improvement, contrariwise the R? statistic is even lower 0.081, data
shown below.
> model2<-1m(ylog~x1+x2)
> summary (model?2)

Call:
Im(formula = ylog ~ x1 + x2)

Residuals:
Min 10 Median 30 Max
-1.64920 -1.17497 -0.05734 1.07781 2.12325

Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) 3.31923 1.97041 1.685 0.136
x1 0.02386 0.04635 0.515 0.622
X2 0.05500 0.09176 0.599 0.568

Residual standard error: 1.552 on 7 degrees of freedom

Multiple R-squared: 0.08189, Adjusted R-squared: -0.1804
F-statistic: 0.3122 on 2 and 7 DF, p-value: 0.7415

Moreover, making sure that the best fitting and/or adequate equation model is built for observed
data a second order polynomial model is build. First, to build a second order model it is necessary
to calculate x2, x2 and x x,, below are calculated data in Table 3:
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Table 3 Calculated parameters for second order polynomial model and total number of colony

form observed data

No. X1 X X% Xzz X1Xp TOta|

experiments number  of
colony cfu
/ml

1 48 4 2304 16 192 29*10?

2 24 4 576 16 96 12*102

3 48 15 2304 225 720 10*104

4 24 15 576 225 360 78*10°

5 53 10 2809 100 530 664*10*

6 20 10 400 100 200 446*10°

7 36 20 1296 400 720 48*104

8 36 2 1296 4 72 258*10*

9 36 10 1296 100 360 17*10?

10 36 10 1296 100 360 12*102

> model3<-1m (y~X1+X2+x1x1+x2x2+x1x2)
> summary (model3)

Call:
Im(formula = y ~ X1 + X2 + x1xl + x2x2 + x1x2)

Residuals:
1 2 3 4 5 6
8 9
-2608878 -699220 -2078944 212645 2766047 -212010 453401
881389 143035

10
142535
Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) 9634265 13143189 0.733 0.504
X1 -550787 630239 -0.874 0.431
X2 -241034 885796 -0.272 0.799
x1x1 8671 8284 1.047 0.354
X2%X2 6766 27720 0.244 0.819
x1x2 1524 18187 0.084 0.937

Residual standard error: 2405000 on 4 degrees of freedom
Multiple R-squared: 0.4288, Adjusted R-squared: -0.2852
F-statistic: 0.6005 on 5 and 4 DF, p-value: 0.7077

In the same way as showed above are calculated intercept and partial regression coefficients

7

1

for

the second order polynomial model shown in equation 2.y = 963.43 x 10* — 550 = 103x; —

241.03 * 103x, + 8671x2 + 6765x2 + 1523x,x,

Likewise to the linear regression model, also for the second order model R? statistic is calcula

ted.

A brief enhancement by building secondary order model, R? statistic resulted to 0.4 which is
slightly increase, logit value is analyzed again here but it did not resulted in any improvement

the R was only 0.37.
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> modeld<-1Im(y.log~X1+X2+x1x1+x2x2+x1x2)
> summary (modelid)

Call:
Im(formula = y.log ~ X1 + X2 + x1x1 + x2x2 + x1x2)

Residuals:
1 2 3 4 5 6
7 8 9
-1.71154 -1.49851 -0.27052 -0.01488 1.05763 0.77222 -0.
11094 2.09049 -0.08134

10
-0.23261
Coefficients:
Estimate Std. Error t value Pr(>|t])
(Intercept) 13.4763469 9.2268276 1.461 0.218
X1 -0.4998747 0.4424427 -1.130 0.322
X2 -0.3439072 0.6218495 -0.553 0.610
x1x1 0.0073367 0.0058154 1.262 0.276
X2xX2 0.0207893 0.0194603 1.068 0.346
x1x2 -0.0008815 0.0127674 -0.069 0.948

Residual standard error: 1.689 on 4 degrees of freedom
Multiple R-squared: 0.3787, Adjusted R-squared: -0.397
8

F-statistic: 0.4877 on 5 and 4 DF, p-value: 0.7746

Discussion of the results

The microbiological analysis performed on the pasteurized milk samples reviled several
important information about raw milk quality, hygiene of producing process, safety and shelf life
of milk. First, coliform results will be discussed, which presence in milk is considered as
indication of low hygiene in farm environment, lacto fridge and/or during the producing process
[12]. From ten samples designed with triplicate data, only one sample resulted with presence of
coliform, Table 2. Indicating that in general the hygiene of milk production process was
acceptable and there was no problem with milk transport hygiene, even though microbiological
criteria for coliform bacteria are so strict [13, 14], absence of this microorganisms in 25ml in
pasteurized product ready for consummation is required from standard.

On the other hand, for total number of colonies formed in Nutrient Agar the criteria are more
tolerant [14] not to exceed 50000cfu/ml. From ten designed experiments this criteria is not
exceeded only by 4 samples, always we should consider that storage conditions are modified
based on the design. By using R software two models are prepared based on the observed data.
Linear regression model reliability was so low, the R square statistic resulted only 0.26.
Consequently we cannot relay in this equation to predict the growth of the microorganisms. This
model is built only in two independent variable temperature and time while in the work of Obeso
et al initial bacterial contamination was as additional parameter which in their case contributed
significantly to the first model predication for Staphylococcus growth in pasteurized milk.
Moreover, to check for any improvement in the model second order model was used. The build
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model was slightly more reliable than linear model with R square statistic 0.42, nevertheless this
R? is not enough for a model this can be noticed in residual data in both linear and second order
polynomial model. Additionally, for both linear and second order polynomial a logit analysis was
done, but it did not bring any improvement to reliability of the build model. In this case to design
a model that can predict the shelf life for pasteurized milk it is necessary to consider other
parameters like initial number of microorganisms before the incubation start, which will increase
number of designed experiments also. If we analyze the data separately from the designed
experiments two first experiments in table 2, storage in temperature that is recomended by
producer 4°C, for both 24 and 48 hours resulted acceptable, colony number formed was less than
50000cfu/ml requested by standard for pasteurized milk. Interestingly, the sample that was stored
at 2°C for which was expected to have less number of microorganisms grown resulted with a high
number of microorganisms, this prove that initial number of microorganisms is necessary.

CONCLUSIONS

In the present study, RSM methodology was used to design experiments for pasteurized milk
analyzing for total colony formed and total coliform isolation. Temperature and time were used
as independents factor during the incubation, form results by using R software two models linear
and second order are built to predict total number of colony formed. Both built models resulted
unreliable to predict growth the residual was so high. Therefore, based on the results and
literature, to build a reliable model is necessary to add as independent parameter the initial
number of microorganisms and to increase the number of experiments designed.
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