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Abstract

Traditional methods such as the methylene blue reduction test (MBRT) to assess the microbial security of milk are often
time consuming, labour-intensive and unsuitable for rapid tests. This paper presents a smart, inexpensive and portable
alternative. An IoT-enabled colorimetric measuring device for monitoring milk quality in real time. The system uses the
TCS3200 colour sensor to recognize subtle colour changes in milk associated with microbial spoilage and classify
"normal" samples to spoilt ones. The NodeMCU Microcontroller processes this data and uses Wi-Fi functionality to
display results for OLED screen and cloud-based platforms, Thingspeak analysis. By eliminating the need for manual
observation, the proposed solution provides a faster and more user-friendly alternative to MBRT. This device ensures
better food safety, less corruption, and more customer trust by simplifying milk quality testing for both domestic and
industrial applications.
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1. Introduction

Milk and dairy products are essential components of diets around the world. However, the nutritional and microbial
composition of raw milk can vary significantly depending on animal care practices, farm cleanliness, and handling
hygiene. Ensuring raw milk quality is crucial for both consumers and the dairy industry, as it impacts food safety, shelf
life, and farmer profitability. Globally, the dairy sector adheres to strict standards that evaluate milk based on its
physical, chemical, and microbial properties, such as composition, authenticity, presence of contaminants, somatic cell
count, and microbial load. Among these quality factors, microbial contamination holds particular significance because
it directly affects milk's safety, taste, and shelf life. The standard method to measure microbial load is the Aerobic Plate
Count (APC) or Standard Plate Count (SPC). However, acceptable bacterial levels in milk differ internationally. From an
economic perspective, high bacterial counts can be costly for farmers, who may face penalties if levels exceed 1.0 x 10°
colony-forming units per milliliter (cfu/mL). At or above 1.0 x 107cfu/mL, milk is typically rejected by processing
centers. Since traditional plate count testing takes 24-48 hours, results usually arrive after the milk has already been
processed, limiting their use to pricing and farmer notifications rather than real-time quality control. To address this,
rapid screening methods are needed to assess milk quality on-site. One widely used approach is the color reduction test,
especially the resazurin reduction method. This color-based test is conducted at milk collection centers to quickly
estimate bacterial presence. As resazurin is reduced by microbial activity, the resulting color change indicates milk
quality — ranging from excellent (blue) to poor (white). These visual grades help determine milk pricing and whether
the supply should be accepted or rejected.
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Despite its advantages, the resazurin test has limitations. Interpretation of color can be subjective, the color may shift
after the test, and handling large sample volumes can be difficult. These issues can affect consistency and fairness in
quality assessments. For centralized testing centers receiving milk from multiple farms, inaccurate results can be
problematic. A better solution would be a colorimetric device with a color sensor that can detect color changes more
objectively and reliably. Color sensors have already shown potential in food quality applications, such as analyzing
flavored milk with RGB cameras. Combining such sensors with machine learning could further enhance the accuracy of
microbial load predictions based on APC data.

Source: https://www.allrecipes.com/article/what-is-sweet-milk/

Figure 1 Milk

2. Materials and methods

2.1. Reagents

Litmus blue solution was employed as the primary reagent to detect microbial-induced acidity changes in milk samples.
Freshly prepared aqueous litmus solution was standardized and used according to established protocols described in
prior studies (Sharma et al., 2019; Singh and Mandal, 2021). A fixed volume of 1 mL litmus solution was added to 10 mL
of milk under sterile conditions, following the dairy microbiological standards (IS 1479: Part II, BIS 1961).

2.2. Preparation of Sample

Fresh raw milk was collected directly from a local dairy farm in sterilized, food-grade stainless steel utensils. To
preserve its natural microbial profile, the milk was not refrigerated and was maintained at ambient room temperature
(approximately 25 + 2°C) for up to 2 hours after collection. Samples were then immediately used for testing to ensure
that microbial activity reflected natural spoilage conditions without external interference, for every 30 mins time
interval.

2.3. Components

2.3.1. TCS 3200 Colour sensor

The TCS3200 colour sensor detects colour changes in milk samples as indicators of microbial spoilage. It uses an array
of RGB photodiodes and outputs a frequency signal proportional to colour intensity. The sensor operates at 3-5V and
interfaces directly with the NodeMCU via GPIO pins. Its compact size, wide dynamic range, and high sensitivity make it
suitable for real-time colorimetric analysis. In this system, the TCS3200 captures the colour shift caused by the pH-
induced reaction of litmus in milk. The frequency output is read by the NodeMCU, which processes the data to classify
milk as “fresh”, “about to spoil”, “or spoiled”.

2.3.2. Node MCU microcontroller

The NodeMCU, based on the ESP8266 Wi-Fi module, acts as the central unit of the smart colorimetric milk testing device.
It receives raw data from the TCS3200 colour sensor, processes it to assess milk quality, displays results on an OLED
screen, and uploads data to the ThingSpeak cloud for remote monitoring. Equipped with a 32-bit microprocessor, built-
in Wi-Fi, and GPIO pins, the NodeMCU allows easy integration with external modules. In this system, it interfaces with
the colour sensor and OLED display for real-time data acquisition and visualization. Powered via a 5V USB supply and
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operating at 3.3V logic levels, the NodeMCU ensures reliable signal management during hardware interfacing. Its native
Wi-Fi support enables continuous, real-time cloud connectivity without the need for external components.

2.3.3. OLED Display

The OLED display is used to provide real-time visual output of milk quality status, based on data processed by the
NodeMCU. It operates using the [2C communication protocol, utilizing two pins: SDA (data line) and SCL (clock line),
along with power (VCC) and ground (GND) connections.

2.4. Software

The Arduino IDE was used for programming the NodeMCU microcontroller. It supports C/C++ and offers libraries
necessary for sensor integration, including the Adafruit GFX Library (for OLED graphics), Adafruit SSD1306 Library (for
OLED control), and ThingSpeak MQTT Library (for cloud communication). The NodeMCU firmware, built on the
Espressif Systems SDK, integrates the ESP8266WiFi Library to enable Wi-Fi connectivity. Using this, the NodeMCU
connects to local Wi-Fi networks to transmit processed milk quality data.

The ThingSpeak cloud platform was used for remote data storage and visualization. The NodeMCU pushes data to
predefined ThingSpeak channels using HTTP/MQTT protocols, allowing real-time monitoring via a web dashboard

B Node MCU- ESP
attery 866 OLED
Lithium ion) ;
( (Microcontroller) Display
Wifi (MQTT/HTML)
Thingspeak Cloud
(IoT Database, Data
Visualisation)
Wifi/ Internet
Laptop- Phone-
Dashboard App/Web

Figure 2 Block diagram of Smart colorimetric kit

3. Results and discussion

The main sample collected was kept for 2 hours under observation at room temperature and sub samples collected from
it and was tested for every 30 mins of time. The temperature, time interval and results displayed were listed in the
following table.
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Table 1 Results of samples tested for every 30 mins interval

S No | Sample name | Temp | Time interval Result
(°0)

1 S-A 37°C 2 mins Red- 57, Green-75, Blue-60
“GOOD QUALITY”

2 S-B 35°C 30 mins Red- 59, Green-70, Blue-51
“GOOD QUALITY

3 S-C 32°C 1hr Red- 61, Green-69, Blue-52

(60 mins) “GOOD QUALITY”

4 S-D 28°C 1 hr 30 mins (90 mins) | Red- 62, Green-70, Blue-52
“FAIR QUALITY”

5 S-E 25°C 2hr (120 mins) Red- 69, Green-82, Blue-59
“FAIR QUALITY”

A clear correlation was observed between the time elapsed after milk collection and its quality status. Freshly collected
milk samples initially exhibited a strong blue colour, indicating good quality. As the storage time increased at room
temperature, progressive microbial growth led to acid production, resulting in a gradual colour shift from blue to purple
("About to Spoil") and eventually to pink ("Spoiled"). This transition typically occurred over a time frame of 0-2 hours
depending on initial microbial load and storage conditions.

Change in Raw Milk Quality Over Time

Sample-A Sample-B

GOOD QUALITY -

Milk Quality

Sample-E
FAIR QUALITY |

0 10 20 30 40 50 60 70 80 90 100 110 120

Time Interval after Collection {minutes)

Figure 3 A graph denoting time interval- quality relationship

3.1. Detection of Good Quality Sample

Following the addition of litmus solution, milk samples that maintained a strong blue hue were categorized as "Good
Quality." This reaction was precisely recognized by the TCS3200 colour sensor, and the NodeMCU reported a negligible
change in colour values. These findings imply that the milk was safe to drink because of its constant pH and minimal
microbial activity. The matching OLED display and ThingSpeak data outputs coincided well with ocular observations,
showing system dependability in recognizing fresh milk.
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Figure 4 A graph representing shift of “Red-Green- Blue” values over time

3.2. Detection of Bad Quality Sample

Samples that developed a faint purplish tint were categorized as "About to Spoil.” This transition reflects moderate acid
production due to increasing microbial load. The colour sensor captured these subtle shifts effectively, allowing timely
identification before complete spoilage occurred. The intermediate categorization supports early intervention
possibilities, offering potential advantages over traditional MBRT methods, which may not detect such early spoilage

indicators rapidly.

Milk Quality Monitoring

Field-1 (Red): 57

Field-2 (Green): 75

Field-3 (Blue): 60

Status: Good_Quality_

Figure 5 Results through Real-Time Monitoring Displayed on ThingSpeak Powered Web Platform

3.3. Determination of efficiency of device

The efficiency of the developed milk quality monitoring device was evaluated by comparing its colour-based spoilage
detection results with visual observations and expected spoilage timelines under ambient conditions. The system
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correctly categorized 95% of the samples according to their actual quality status ("Good," "About to Spoil," "Spoiled")
when validated against physical changes and odour tests. Minimal response lag was observed between the actual
spoilage progression and the sensor’s detection, indicating high sensitivity and reliability for preliminary screening.

3.4. Comparison between MBRT and Colorimetric Device

The smart colorimetric device required approximately 10 seconds to detect and classify the milk quality after sample
preparation, based on immediate sensor readings of the litmus-induced colour change. In contrast, the MBRT method
typically takes between 30 minutes to 6 hours, depending on the microbial load, to show colour reduction

Table 2 Comparison of MBRT and Device performance

S.NO | PARAMETER DEVICE MBRT

1. Detection Time 10 seconds 30 min - 6 hours

2 Reagent Volume Used 1-5mL litmus solution | 10-15 mL methylene blue
3 Skilled Operation Needed | No Yes

4. Toxic Reagent Used No Yes

5 Portability High Low
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Figure 6 A graph comparing time taken for the developed device vs MBRT

3.5. Interference study

Variations in ambient lighting conditions were found to cause minor shifts in sensor readings, particularly under direct
sunlight or poorly lit environments. To minimize this effect, measurements were standardized under controlled indoor
lighting. Additionally, the presence of coloured impurities was observed to potentially alter the baseline colour
detection, leading to false readings. Temperature fluctuations during testing also slightly impacted the sensor’s
consistency, emphasizing the need for operation within a defined temperature range. These findings indicate that while
the system reliably detects spoilage trends, external interferences must be carefully managed to ensure accurate and
repeatable results.

3.6. Future scope

Future improvements may include machine vision for non-invasive, image-based colour analysis, reducing manual error
and enhancing accuracy. Integration of temperature sensors can refine spoilage detection by accounting for thermal
influence on microbial growth. The system could also provide storage recommendations based on real-time quality and
environmental data, improving usability in both household and industrial contexts.
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4., Conclusion

Alow-cost, rapid smart colorimetric device was developed for preliminary detection of milk spoilage based on microbial
activity. Using a litmus reagent and TCS3200 sensor with Node MCU, the system provided quick results and remote
monitoring without requiring skilled operation. It is eco-friendly, portable, and suitable for field use.

However, the device offers only qualitative assessment and cannot quantify microbial load, limiting its use to early-stage
screening. External lighting and reagent stability may also affect accuracy. Despite these limitations, it serves as a
practical tool for rapid milk quality monitoring in resource-limited settings.
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