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ABSTRACT

Introduction: Monitoring milk quality is very crucial to maintain food safety and human health. The identification or detection of
milk spoilage holds a prominent role in the improvement of milk preservation methods.
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Objective: The focus of this work lies on rapid, reliable and cost-effective method of milk spoilage detection for milk quality
determination.

Methods: Various physio-chemical properties of milk including fat, acidity, pH, ultrasonic velocity, thermal conductivity were
performed to identify the major changes associated with spoilage parameter responsible for spoilage. This method emphasized
milk spoilage detection using impedance measurement by using chip AD5933. These spoilage parameters were correlated with
microbial spoilage of milk.

Results: The pH and acidity value of fresh raw milk was 6.68 and 0.17% respectively. These two key parameters to evaluate
milk freshness. There was significant difference in ultrasonic velocity from 1504.41 + 0.12m/sec to 1692.24 + 0.16m/sec at 72
hours. An impedance measurement apparatus was set up using chip AD5933 that shows a higher impedance reading when
the microbial count was high. There is a prominent correlation between impedance and microbial growth. Therefore, electrical
impedance could be considered as an indicator for the determination of milk quality.

Conclusion: This study demonstrated a rapid, cost-effective measurement technique to determine spoilage of milk using an
apparatus set up for Impedance measurement.
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INTRODUCTION ous milk spoilage detection techniques, which are accurate

and efficiently such as gas-sensor arrays, Infrared/Near-In-

Food freshness indicators or spoilage detectors should meet  f4:04 (IR/NIR) Spectroscopy, Optical sensors, pH sensors,
criteria such as specificity, analysis time and cost. The in- 5,4 amperometric sensor. However, the main drawback of
strument specification may vary according to end-use such  hege s its time consuming and expensive. Recently there
as checking the quality of raw material and their changes a5 been a great demand and interest in novel developments
occurring during storage and transportation. Milk spoilage iy environment-friendly intelligent packaging.? Therefore, a

is' an undeﬁned term and challen.ging to Qeterrping with PIe= novel technique to measure milk quality is in a great need in
cision. This ambiguity causes difficulty in dairy industries. 1o market today.

Most often the uncertainty in expiry dates on milk packets,

deceive the customers and hence dispose of the unspoiled Electrical parameters of milk change linearly concerning the
milk. These dates are mostly imprecise due to variations Mass of the substance. This change was observed due to the
in storage conditions, shipment and processing factors of different amount of charge carried by it and is dependent on
milk.! Researcher has been focusing on the improvement the period of storage.’ The opposition of a material to the
of existing tools for milk spoilage detection. There are vari- 10W of electric charges can be termed as the impedance of
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a material. It is chiefly the frequency domain ration of the
voltage to current. The terms resistance and reactance are
also associated with impedance. Every substance disperse
and store energy. Resistance (R) and Reactance (Xc) are an
indicator of energy dissipation and storage.* Therefore, high-
frequency resistance reduces than at low frequency. Here,
the research focused on variation in electrical impedance as
the milk spoils. The increase in impedance value was ob-
served in spoiled milk than fresh milk. Thus, by studying the
change in impedance of milk, it was possible to determine
the spoilage of milk.

MATERIALS AND METHODS

The current investigation was performed for cow’s milk. The
fresh milk sample was obtained from a farm in Coimbatore,
Tamil Nadu. The physiochemical properties of milk samples
were taken at certain intervals namely 0, 6, 12, 18, 24, 30, 36,
48 and 72hours interval. Acidity, pH, fat, ultrasonic veloc-
ity, thermal conductivity and impedance value were the few
measurements observed for fresh milk at a specified period.

The methods adopted for determining the physio-chemical
parameters of milk were pH meter for determination of pH,
Gerber’s method for fat determination, titratable acidity
method for determination of acidity in milk, velocity meter
for determination ultrasonic velocity and thermal conduc-
tivity measurement by thermal conductivity apparatus. The
electrical impedance was measured by a prototype set up for
Impedance apparatus. Microbial Analysis of milk was per-
formed by spread plate method using standard plate count.
The methodology and apparatus used for the determination
of Physico-chemical properties of milk are:

pH: The pH of fresh milk was measured at regular intervals
using a pH meter. [t comprises a measuring probe made up of
a glass electrode. This electrode was attached to an automatic
display meter that shows the pH of the substance measured.’

Titratable Acidity: To measure the acidity, fresh milk of
10ml was taken in a conical flask. The milk sample was ti-
trated with 0.1N NaOH using 2-3 drops of phenolphthalein
as an indicator. The acidity of the sample was determined by
the formula:

vy X N X 64 X 100
v, X 1000

percentage titrable acidity =

V1=Volume of NaOH, N=Normality of NaOH, V2=Volume
of the sample.?

Determination of fat content: The Gerber fat tests are done
to check the butterfat percentage in milk. Lipid/Fat content is
determined by the Gerber method, where 10ml sulfuric acid

(specific gravity 1.823) at 15-21°C was taken in Butyrom-
eter. Iml of amyl alcohol was added to it and inserted with a
lock stopper. This was shaken until the milk was completely
digested and finally placed in a centrifuge.

Measurement of Thermal conductivity: The property of a
substance to conduct heat can be termed thermal conductiv-
ity. The thermal conductivity of a material may depend on
temperature. During milk processing, this property is very
important to estimate the processing time required and to de-
termine energy involved in thermal process.®’ Milk sample
was measured for conductivity by thermal property analyzer
(KD2 Pro model). This was fixed to a knob implanted in a
beaker. The rate of heat transfer lowers with materials of less
thermal conductivity.

Measurement of Electrical Impedance: An impedance
analyzer was set up to measure the electrical impedance of
milk. In this setup, the Ag/AgCl electrodes were kept in con-
tact with the milk sample. An impedance converter AD5933
was used to obtain high precision and accurate results. The
ADS5933 chip is generally used for assimilation of majority
components essential for impedance analyzers such as sig-
nal generator and analogue-to-digital convertor. One ma-
jor advantage of this chip is its lower power consumption.
The impedance value of milk was taken at certain intervals
concerning milk stored for a period. The fresh milk sample
was placed between the electrodes and the electrodes are
connected to the AD5933 signal generator and processing
unit which in turn connected to the micro-controller. Figure
1 shows the block diagram representation of a system for
Impedance measurement. The impedance reading was dis-
played on the LCD that is connected to the microcontroller.
Both the values of impedance both real and imaginary values
were noted.

AD5933 - Impedance Convertor

Milk Sample |
I 1

3 | MSP430-
BCL Miew |y S
Controller Hy

I Tequency )
; Impedance
X Signal lifier

ienerato

Current

AZAL |

Figure 1: Block diagram representation of a system for Imped-
ance measurement.

Measurement of Ultrasonic velocity: An ultrasonic veloc-
ity meter was used to determine the velocity of milk. An ul-
trasonic transducer, an electronic circuit and a display meter
that measures flow rate are the main parts of this velocity
meter apparatus. The transducer in the ultrasonic velocity
meter works in the principle of converting electrical signals
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to ultrasonic energy. These ultrasonic signals are received
are amplified and displayed in the digital meter, thus pro-
vides supply flow rate.

Microbial analysis of Milk: The microbial analysis was
carried out to determine the bacterial load present in the milk
sample. Grams staining method was performed to distin-
guish whether the gram-positive or gram-negative bacteria
were present in the milk sample. The peptone water needed
for determination of standard plate count (SPC) was steri-
lized using autoclave at 121°C for 15-20 minutes.

e Standard Plate Count (SPC): The total bacterial count
was performed at various dilutions at a specific time
interval and the total viable count was determined. To
sterile plates, 9ml of sterile peptone water and 1ml of
the milk sample was added. Serial dilution up to 10°
was performed. Using the pour plate method, the 15-
20ml sample was poured into Petri plates. Duplicates
of the analysis were performed. All the Petri-plates
were incubated for 48hours at 37°C. The standard
plate count (SPC) was calculated by taking the aver-
age of the plates and represented in cfu/mL. The mi-
crobial count (cfu/mL) was correlated to other Physi-
co-chemical parameters of milk.?

e Gram-Staining method: The characterization of the
microorganism present in the milk was done by gram
staining method as prescribed. The glass slide was
dried using blotting paper and examined under the mi-
croscope.

RESULTS AND DISCUSSION

Fresh cow milk was used for the analysis of physio-chemical
parameters such as pH, acidity fat, as presented in Table 1.
The analysis was conducted at a time of 6, 12, 18, 24, 30, 36,
48 and 72hours interval. Table 2 presents the thermal con-
ductivity, ultrasonic velocity and impedance values of milk.

Physico-chemical properties of fresh milk

pH and acidity: The acidity is generally articulated as pH.
As milk is a complex buffer system, change in temperature
is dependent on pH change. Variations in pH causes change
in the structure of phenolic components present in pigments
such as anthocyanin. Thus, pH parameter plays a vital role
in many compounds. ° It was observed that the pH of fresh
milk was 6.73 +0.02 and the acidity level was 0.17%. From
Table 1, it can be observed that there has been a drastic de-
crease in the pH once the milk is stored for a period at room
temperature. After the first 6hours of milk storage, no much
change in pH and acidity is visible. However, after a storage
period of 18hours, a drastic decrease in pH to 5.57 +0.82 and
increase in acidity to 1.2 +£0.09 was observed. This was due
to the spoilage started in milk due to the higher level of lactic
acid produced by microbial metabolism.!* ! As the milk is

stored at room temperature, it is observed that the milk be-
come sour and the acidity level increases to 2.5% at 72hours
of storage of milk. This acidity level shows that the milk is
spoiled and correspondingly the pH value of milk decreased
to 3.54. The pH value can be considered as milk spoilage
indicator. The pH change was due to the acidity developed
in milk due to the increase in bacterial growth.® The pH and
acidity values were correlated with the microbial analysis of
the milk.

The fat content of milk: There was no prominent change
observed in the fat content of milk. The fat content deter-
mined is presented in Tablel. The fat content in fresh milk
was determined as 3.6% and slight variation in value was
seen after 24hours of storage period. The values were in con-
cordant to [12], [13] and [14].

Thermal conductivity: One of the significant property,
which affects the pasteurization of milk, is thermal conduc-
tivity. The conductivity of milk also depends on its rheology,
composition of milk and process temperature.'* Data on ther-
mal conductivity helps in determining heating or refrigera-
tion process and physical and chemical changes occurring
in milk.'® The milk sample to be measured was poured into a
beaker. The thermal property analyzer (KD2 Pro model) was
kept in contact with the milk sample to be measured. Table 2
shows the values of thermal conductivity of milk. The ther-
mal conductivity of fresh milk was found to be 0.530 +0.09
W/m K at ambient temperature and increased to 0.64 +0.35
W/m K once stored for 72hours. The values were found to be
following [12]. This shows there was less effect on the ther-
mal property of milk when the milk was subjected to spoil-
age. A prominent distinguishing variation could not be seen
in thermal conductivity as the acidity of the milk increased.
Therefore, thermal conductivity cannot be considered as an
important spoilage parameter to indicate milk spoilage.

Table 1: Physico-chemical properties of milk - pH,
acidity and fat content

Parameters pH Acidity (%) Fat (%)
Time (hours)
0 6.73 +0.02 0.17 + 0.02 3.6 +0.04
6.69 +0.44 0.12 + 0.02 3.6 +0.02
12 5.94 +0.09 0.9 + 0.45 3.6 +0.08
18 5.57 +0.82 1.2 + 0.09 3.6 +0.02
24 5.15 +0.54 1.7 + 0.01 3.5+0.03
30 4.90 +0.02 1.9 + 0.08 3.5 +0.54
36 4.64 +0.87 2.0 + 0.72 3.5 +0.06
48 3.92 +0.52 2.2 + 0.32 3.5 +0.16
72 3.54 +0.38 2.5+ 0.12 3.5+ 0.32

Values are represented as mean + standard deviation
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Table 2: Physico-chemical properties of milk - Ther-
mal conductivity, Ultrasonic velocity and Electrical

Impedance

Parameters

Time (hours) Conductivity
(W/mK)

Thermal

Ultrasonic
velocity
(m/sec)

Impedance
(@)

o 0.530 +0.09  1504.41 +0.12  888.173 +0.02
6 0.532 +0.12  1505.57 +0.01  890.12 +0.01

12 0.545 +0.03  1523.32 40.04  912.43 +0.13

18 0.490 +0.04  1600.54 +0.38  957.63 +0.43
24 0.500 +0.06  1627.32 +0.09  994.54 +0.06
30 0.530 +0.02  1635.43 +0.11  1258.34 +0.24
36 0.57 +0.79 1654.13 +0.09  1334.12 +0.14
48 0.60 +0.15 1647.85 +0.32  1494.42 +0.02
72 0.64 +0.35 1692.24 +0.16  1750.32 +0.10

Values are represented as mean + standard deviation

Electrical Impedance: To measure the electrical impedance
of milk, an apparatus was set up using chip AD5933 circuit,
as shown in Figure 1. This chip excites signals as it uses
as a voltage-control oscillator. It consists of a direct digital
synthesizer. The impedance measurement is performed by
sensing the current flowing through it. This is converted to
voltage and thereby to digital form using Analog-to-digital
converter (ADC). The impedance of fresh milk was found
to be 888.173 +0.02 Q. There was a prominent difference in
the impedance value (957.63 +0.43 Q) of milk when the milk
was stored for a period especially after 18hours. The imped-
ance reading was corresponding to the microbial level of
milk when the milk spoils. Thus, electrical impedance could
be considered as an effective indicator for spoilage of milk.
Similar findings were reported by [4] for the vitality detec-
tion of apple. Reference [3] also reported that the impedance
measurement could distinguish statistically partially decayed
apples and the fresh apple.

Ultrasonic velocity: The ultrasonic velocity of fresh milk
was found to be 1504.41 + 0.12 m/sec. This is dependent
on the moisture content and the temperature of the milk.
There was a drastic change in ultrasonic velocity (1600.54 +
0.38m/sec) observed after 18hous of storage of milk at ambi-
ent condition. This proves that the ultrasonic velocity could
be used as a parameter to check the quality of milk. The re-
sults proved that as the milk spoils, the ultrasonic velocity
also increases.!” This change in velocity can be a correla-
tion to milk spoilage characteristics. The feasibility of using
ultrasonic techniques to evaluate the quality parameters for
milk was investigated.

Microbial Analysis of Fresh Milk: The microbial analysis
was performed for the determination and characterization
of microorganism present in the milk by serial dilution and
grams staining techniques respectively. The microbial count
of milk at 0, 12, 24, 48hours were found to be 5x10', 20 x10',

3.2x10* and 10 x10%fu /mL respectively. After 48hours of
analysis, the microbial growth was rapid and could not deter-
mine the bacterial count. It can be understood that as the milk
storage time increases, the microbial count also increases.
The average count of fresh raw milk was negligible com-
pared to 10x10%*fu/mL after 48hours of storage. A similar
study showed a significant increase in the microbial count
and a relatively distinct decrease in pH during the storage
at 21°C and 37°C for 8 to 30 hours, which is caused by the
growth of bacterial cells. '®

Gram-staining technique was performed to characterize mi-
croorganism present in the fresh raw milk. A rod-shaped pur-
ple coloured, the non-sporulating organism was identified.
Lacto bacillus spp. was found to have similar characteristic
properties.

CONCLUSION

Milk is exceptionally nutritious and is considered a balanced
diet by the majority of people. The Physico-chemical prop-
erties of fresh cow’s milk were analyzed for a specific time
interval to identify the milk spoilage parameter. The pH and
acidity value of fresh raw milk was found to be 6.68 and
0.17% respectively. These two parameters can be considered
as the key parameters to evaluate milk freshness. There was
significant difference in ultrasonic velocity from 1504.41
+0.12m/sec to 1692.24 +0.16m/sec at 72 hours. Electrical
impedance was taken as an indicator for the determination
of milk quality. An impedance analyzer apparatus was set
up using chip AD5933. The impedance value of milk was
measured and a drastic difference was seen which correlated
to milk spoilage. Thus, the device for impedance measure-
ment was found to be an effective tool for determining the
milk spoilage. This system measures impedance by Ag/AgCl
electrodes with high accuracy, less power consumption and
is a microcontroller-based device. Thus, a cost-effective reli-
able solution for impedance measurement is performed by
AD5933 chip. The impedance value of milk was found to
increase with milk spoilage, thereby proving that as the im-
pedance value increase, the milk quality decreases and leads
to spoilage. Further studies can be focused on improving the
stability of voltage using two AD5933 chip, as the electrical
impedance of milk showed few fluctuations in the reading.
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