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ABSTRACT

A new procedure has been developed for rapid classification and quantification of the adulteration of fresh milk. In 

this study fresh cow milk samples were collected from three farms surrounding Beijing district and five farms in 

Hebei province in China were investigated. Those fresh cow milk samples were then adulterated with tap water at ten 

different percentage levels. Then all samples were scanned using NIR spectroscopy (JDSU, California, USA). The 

MicroNIR 1700 spectrometer analyses the wavelength region is 870 nm-1660 nm. The chemometric tools like Soft 

Independent Modeling of Class Analogy (SIMCA) and Partial Least Squares Regression (PLS) was applied for 

statistical analysis of the obtained NIR spectral data. To check the discrimination between the pure (control) and 

adulterated milk samples, (SIMCA) model was used. Furthermore, PLS regression model was also built to quantify 

the levels adulterant in cow milk samples. The PLS regression model was obtained standard error of prediction (SEP) 

5.33 g/L for estimation of levels of adulteration with water. This recently developed method is non-destructive, low-

cost, no need of much sample preparation and having sensitivity level less than 1% level of adulteration. This recently 

developed method is fast and simple, being suitable for the control of raw milk in a dairy industry or for the quality 

inspection of commercialized milk.
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ABBREVIATIONS
NIR: Near-Infrared Spectroscopy; PCA: Principal Component 
Analysis; DD-SIMCA: Data Driven Soft Independent Modeling 
of Class Analogy; PLSR: Partial Least Squares Regression; RMSE: 
Root Mean Square Error; RMSECV: Root Mean Square Error of 
Cross Validation; RMSEP: Root Mean Square Error of 
Prediction.

INTRODUCTION

Adulteration in food is a bigger problem faces the world, which 
has required more investigation, because it has attracted more 
attention worldwide, recently [1]. Milk is one of the seven most 
common targets for adulteration [2]. News has shown how milk 
and milk products are being adulterated with urea, soap and

other hazardous chemicals [3,4]. However, the dilemma of 
melamine in China 2008 revealed the impact of adulteration in 
food by economically motivated adulteration on consumer health 
and economic situation [2].

Milk is most important source for essential nutrients and health 
maintenance. Milk is perfect food. It is valuable source of fat, 
protein, carbohydrates, vitamins and minerals [5]. Milk is a 
balanced mixture and a perishable food. It is one of few foods 
consumed in the natural form throughout the world.Milk 
contain 87% water, 3.3% protein, 3.9% fats, 5% lactose and 
0.7% ash. Milk provides us building protein for body, giving 
vitamins, minerals (calcium) for bone forming and energy 
supplying (lactose and milk fat). Besides providing certain 
essential fatty acids it includes all essential amino acid. All the 
properties of milk make it an important food for all ages [6]. The 
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analysis [26,27]. Recently NIR spectroscopy industrial companies 
have the development of portable systems, providing fast, 
simplicity, selectivity, and performance like to those of benchtop 
instruments [28].

Portable infrared spectrometers (NIR) represent an ideal tool in 
food quality control, due to providing portability for in situ 
analysis and sensitivity of these analysis [29]. Some studies used 
application of portable near-infrared (NIR) technologies in food 
analysis, include the prediction of quality parameters in oranges, 
and monitoring of oil oxidative stability, quantification of trans 
fat in edible oils, and mineral fortification in whole grain 
cornmeal [30-33]. Results of these studies have shown that this 
technique (NIR) permitted the built of calibration and 
classification models with excellent performance statistics.

The objective of this study was to evaluate the feasibility and 
investigated of the performance of portable NIR spectrometers 
combined with multivariate analysis to identify and quantify 
milk adulteration by the addition of water. Qualitative and 
quantitative models were developed by using pattern recognition 
techniques including Soft Independent Modeling of Class 
Analogy (SIMCA) and Partial Least-Squares Regression (PLSR) 
algorithm, respectively.

MATERIALS AND METHODS
The Figure 1 shows the overall technical frame diagram of 
experiment design (experimental work flow)

Cow milk samples preparation

In this study fresh cow milk samples were collected from three 
farms surrounding Beijing district and five farms in Hebei 
province in China were investigated. Those fresh cow milk 
samples were then adulterated with water at ten different 
percentage levels (Table 1).
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low costs and high nutritional value of milk has made it form a 
significant part of the human diet. However, global increased 
demand made this foodstuff pone for more potential 
adulteration [7].

In 2016, more than 816 million tons of milk was produced 
around the world (including cow, buffalo, sheep, goat and camel 
milk). India was the largest producer, with 155.2 millions of 
tons, USA was the second major producer (96.3 millions of tons) 
and China was 43.4 millions of tons (FAO, 2016). However, as 
fast as the production and demand for milk have grown, a larger 
frequency of sophisticated milk adulterations has been reported 
in different countries.

Adulteration of milk and other dairy products has existed from 
old times, and it is done either for profit margin or lack of 
hygienic status of storage, processing, transportation and 
marketing [8,9]. Unfortunately, adulteration is very common in 
developing countries [7]. Increase population, the urbanization 
of rural, and scattered colonization are the few main factors 
affected on increasing the demand of milk production [10]. In 
order to meet the shortage between demand and supply of milk 
the unscrupulous producers are often found to involve in milk 
adulteration by adding adulterating substances in milk [11].

The other kind of adulteration of milk by the additions of 
starch, rice flour, skim milk powder, reconstituted milk, urea, 
melamine, salt, glucose, vegetable oil, animal fat and whey 
powder. These additions are to increase the thickness and 
viscosity of the milk, and to maintain the composition of fat, 
carbohydrate and protein [12-14]. Cleanliness and purity of milk 
are indicating for good quality milk [15]. For quality dairy items 
and better health of consumer, quality control of milk is 
required [16].

Different methodologies and techniques are used to reveal 
adulteration, however, there is a still needing for rapid, accurate, 
non-destructive, low-cost and adequate methods to control milk 
quality [17-21]. A proficient approach is the application of the 
near infrared (NIR) spectrometry combined with chemometric 
data analysis [22]. This technique can be carried out not only in 
laboratories but also in dairy factories, farms, inspection points, 
etc. Chemometrics is a tool used for multivariate data analysis 
often connected with information-rich instrumental methods, 
qualitatively used for grouping or classifying unknown samples 
with similar characteristics and quantitatively for determining 
adulterant analytes in samples [2].

Near-infrared (NIR) spectroscopy has been used for 
determination of many milk components widely (e.g., protein, 
fat and lactose), however, only a limited studies describe its use 
to monitor milk authenticity [23,24]. He, et al. has improved a 
method using MIR spectroscopy to detect adulteration in milk 
by addition of melamine, urea, glucose and tetracycline 
hydrochloride [25]. Spectra indicated to variations in the peak 
positions and shapes between the control and adulterated milk 
confirming to the potential of the method to detect milk 
adulteration.

Other authors have investigated the correlation between NIR 
and MIR spectral data of pure milk and milk adulterated with 
water [18,26], urea, whey, and caustic soda by using chemometric 
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Figure 1: Experimental work flow.



2 5%

3 10%

4 15%

5 20%

6 25%

7 30%

8 35%

9 40%

10 45%

11 50%

Table 1: Milk and milk adulterated samples.

The total number of samples used was 114, 34 pure cow milk
samples, 80 adulterated with water. For PLS regression all the
samples were joined together and split into two sets, a training
set (75% of the samples) and a test set for validation (25% of the
samples) in Figure 1.

NIR spectroscopic analysis

All samples were scanned using NIR spectroscopy (JDSU,
California/USA). The MicroNIR 1700 is a miniature near
infrared spectrometer developed and manufactured by JDSU
(JDS Uniphase Corporation, www.jdsu.com). It is distinguished
by its small size (45 mm diameter × 42 mm height), low weight
(60 g) and requirement for short analysis times (a few seconds).
This technology can be controlled and operated by a tablet,
Smartphone or portable computer The MicroNIR spectrometer
is an ultra-compact instrument designed to be used in diffuse
reflection, transflection or transmission modes. It uses a Linear
Variable Filter (LVF) component mounted over a diode array
detector that separates incoming light into individual
wavelengths. The spectrometer integrates the light source and
readout electronics in a small construction. Key attributes of the
MicroNIR 1700 spectrometer are summarized in Table 2.

Parameter Specification

Weight <60 g (2.1 oz)

Dimensions 45(diameter)mm x 42(height) mm

Detector type 128-pixel uncooled InGaAs 
photodiode array

Pixel to pixel interval 6.2 nm

Operating environment –20°C to 40°C, non-condensing

Power requirement USB powered (<500 mA@5V)

Table 2: Key performance attributes of the MicroNIR 1700 
spectrometer (source: JDSU).

A white reference measurement was obtained using a Spectral 
on disc; while a black (or dark) reference was obtained from a 
fixed place in the room. Absorbance values were calculated as -
log (Sample-Black/White-Black) with the data being sent to the 
host computer as .csv files. Three replicate spectra were obtained 
from all samples. Replicas were averaged for data analysis in the 
chemometrics analysis.

Statistical analysis

Multivariate analysis was used to develop qualitative and 
quantitative models with NIR data sets. Discrimination and 
quantification of adulterated milk samples were evaluated using 
soft independent modeling of class analogy (SIMCA) and PLSR, 
respectively. Chemometricswas performed in Microsoft Excel 
[34].

The Excel file SIMCA template.xlsb is a pattern for 
performing DD-SIMCA, an advanced one-class classification 
method for class modeling, which allows theoretical computing 
of misclassification errors [35,36]. This technique is based on 
Principal Component Analysis (PCA) applied to the training 
data of a target class. The PLSR template.xlsb file presents the 
forms for measuring the performance of the projection to latent 
spaces/structures (PLS) regression. PLS regression is an 
innovative method for regression analysis using Excel, which 
allows development of a relationship between the matrix of 
predictors X and the vector of responses Y [34]. This technique 
is based on projection to latent structures.

RESULTS AND DISCUSSION

Spectral characteristics

Figure 2 shows the normalization of five mean NIR spectra in 
the region of 950 nm to 1650 nm of pure milk and milk 
adulterated with water. Spectra obtained showed two prominent 
absorption bands centered at around 1070 nm and 1270 nm, 
respectively. These two bands were associated with strong O═H 
stretch overtone/combination modes of water and that was 
attributed to the short spectral range (from 950 nm to 1650 nm) 
of the spectrometer [37-39].
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Water level no Adulterant water %

1 0.00%

Spectral range 950 nm to 1650 nm

Optical resolution <1.25% of center wavelength (for
example, at 1000 nm, resolution
is <12.5 nm



Individual decision rules were developed for adulterant and the 
control milk sample using the DD-SIMCA method. For this 
purpose, several milk samples of the target class were collected as 
the training set. The test set comprised of many samples of the 
target class and adulterated samples. To illustrate the result, pure 
milk samples were chosen as the target class and other 
adulterated samples were analyzed against a model developed for 
this class. A proportion of 75% of both the control and 
adulterated samples were collected in the training set whereas 
the test set contained 25%.

The PCA model with 4 principal components (PCs) explained 
74% of the total variance. The decision rules were constructed 
for the chi-squared distributions, with Nh=2 and Nv=6 DoFs. 
For α=0.01 (left panel) all training objects were located inside the 
acceptance area. As for the test set (right panel), the samples 
originated from adulterated samples were located far from the 
acceptance area and could easily be classified as outliers in Figure 
4. All test milk samples from the target class control milk (pure)
were classified properly accepted in acceptance area.
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Nevertheless, those mean NIR spectra are very similar to each 
other, and it is not easy to classify the spectra.

Therefore, the DD-SIMCA method was applied in this study to 
classify between natural (pure) and adulterated milk samples.

DD-SIMCA Classification

The application of DD-SIMCA using training dataset, 
demonstrated the method’s performance in absence of 
adulterated samples. For this purposes we verify the model 
established for natural or pure milk (30 samples), which 
collected from cows directly from farms.

Firstly, the test set includes natural or pure milk samples 
collected from cows from the same farms (10 samples), but not 
included in the training set previously. Secondly, we add (80) 
samples adulterated with water.

They help to verify the model’s performance regarding alien 
objects. Milk samples that are essentially dissimilar from the 
target class simulate (control sample) ‘low quality’ adulterated 
samples. Milk samples close to the target class imitate (control 
sample) ‘high quality’ adulterated.

Preliminary PCA performed on the whole data revealed both big 
similarities and differences between pure and adulterated milk 
samples collected from various dairy farms in Figure 3. Though 
all milk samples contain the same components, and these 
samples adulterated with varies level percentage of water. These 
lead to spectra discrepancies, as the spectral absorbance reflects 
components’ concentrations.

4J Adv Dairy, Vol.10 Iss.1 No:1000599

Figure 2: The means NIR spectra in the region of natural 
(pure) milk and adulterated milk with watercation.
Note*:         Control;         5% Water;          10% Water;  
15% Water;           20% Water;         25% Water;         30% 
Water;          35% Water;         40% Water;         45% Water;              
          50% Water.

Figure 3: Explorative analysis milk data PCA using the 
whole dataset 1 (training dataset) scores plot PC1 vs PC2. 
Note*:        Control;       Water adulterant.

Figure 4: The results of SIMCA classification of class 1 
(control samples).
Note*:        Control;             Discrimination;         Water 
adulterant.



All test milk samples from target class adulterated milk 
with water were classified properly but some samples were 
located near to (discrimination line) the acceptance area and 
can easily be classified as control or adulterated samples. That 
could be attributed to the low concentration of the adulterants.

This study demonstrated that the PCA model with four 
PCs reliably separated the target class {control (pure) milk 
samples} from other class (adulterated milk samples).

The proposed classification method recognized such alien 
objects successfully.

Similar classifications were repeated for the cases where 
adulterated milk sample was selected as a target class. The results 
provided individual decision rules with specific values of α and β 
errors.

Quantification of adulterants in milk

The adulterant levels in milk were quantified using PLSR 
analysis to generate calibration models. Individual models 
were developed using the same spectral regions 
identified by classification analysis (Table 3).

Adulte
rants

Analysis result PLSR

Factors SEC SECV SEP R2cal R2val R2pd

water 13 3.3 4.25 4.35 0.97 0.94 0.93

Table 3: Calibration and cross-validation results of multivariate 
models developed using portable spectrometers.

This PLSR calibration model was then used to test the 
prediction ability for each independent 25% test sample set, as 
shown in Figure 6.

This was an external validation part of the PLSR model because 
the spectral data used for the test set were not utilized in 
building the PLSR model. It can be seen from these figures that 
the PLSR model has very good prediction ability according to 
the root mean square error of prediction (RMSEP), which might 
be caused by the fact that the 25% test samples were not used in 
building the PLSR calibration model. RMSEP is a statistical 
measure of how well the model predicts new samples (not used 
when building a model). RMSEP expresses the average error to 
be expected in future predictions when a calibration model is 
applied to unknown samples.

PLSR models suggested a good correlation between infrared 
estimated concentrations and spiked adulterant levels in the 
milk in Table 3.

The PLSR scatter plots in Figure 6 illustrated a good fit between 
the reference levels and NIR predicted values for milk 
adulteration. Models were developed using 13, factors and 
explained more than 97% of the variance in the multispectral 
data set with R2val 0.94, revealing prediction robustness of the 
calibration models.

This region contains bands arising from the combination of OH 
symmetric and antisymmetric stretching modes of water [40]. It 
was noted that the error limit of ± 4.35% (v/v) was slightly 
higher than the minimum water content contained in a milk 
sample set. Therefore, when milk was adulterated by adding a 
very small volume of water within the error limitation value, it 
was not easy to determine the content of water in such a milk 
sample. Perhaps, due to the fact, that typical cow milk normally 
contains water as a main component. Thus, the small 
contamination of water in milk was not significantly appearing 
in the NIR spectrum [41].

These low SEP values can be associated with the presence of 
distinct and specific absorption signals for each adulterant used 
in the spiking process. The regression modeling reported here 
showed the same prediction abilities as those described in the 
earlier literatures [37,38] and had minor differences compared 
to that reported [21].
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Figure 5: The results of SIMCA classification of class 2 (milk 
samples adulterated with water).

Note*:      Water adulterant;          Discrimination;     Control;               
      Water adulterant.

Figure 6: Root mean square errors and Partial Least Squares 
Regression (PLSR) curves for training (circles) and validation 
(square) data milk sets adulterated with water, portable NIR 
spectrometer.

Note*: RMSEC;  RMSEP;       Calibration;        
     Test.

SIMCA classification of the other classes was done in a similar 
way. The final results are shown in (Figures 5).
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CONCLUSION

This study examined the applicability of a portable near-infrared 
(NIR) spectrometer (MicroNIR 1700) combined with a 
multivariate analysis method chemometrics in the monitoring of 
adulteration in cow milk with water.

The results revealed that the method is unique and suitable for 
detection of adulteration with water. Further study is 
recommended on the feasibility validation of this technique 
used in monitoring adulterants in cow milk.

REFERENCES

J Adv Dairy, Vol.10 Iss.1 No:1000599 6

https://ift.onlinelibrary.wiley.com/doi/full/10.1111/j.1750-3841.2011.02417.x
https://ift.onlinelibrary.wiley.com/doi/full/10.1111/j.1750-3841.2012.02657.x
https://ift.onlinelibrary.wiley.com/doi/full/10.1111/j.1750-3841.2012.02657.x
https://ift.onlinelibrary.wiley.com/doi/full/10.1111/j.1750-3841.2012.02657.x
https://www.tandfonline.com/doi/abs/10.1080/026520399283803
https://www.tandfonline.com/doi/abs/10.1080/026520399283803
https://www.cabdirect.org/cabdirect/abstract/20133226839
https://www.cabdirect.org/cabdirect/abstract/20133226839
https://www.cabdirect.org/cabdirect/abstract/20133226839
https://asmedigitalcollection.asme.org/heattransfer/article-abstract/128/9/870/444427/Fluid-Flow-and-Heat-Transfer-in-Power-Law-Fluids
https://asmedigitalcollection.asme.org/heattransfer/article-abstract/128/9/870/444427/Fluid-Flow-and-Heat-Transfer-in-Power-Law-Fluids
https://www.semanticscholar.org/paper/Common-Milk-Adulteration-in-Developing-Countries-in-Salih-Yang/e8b64f100d184dac49b86e7fe7fc8c28edc579c2
https://www.semanticscholar.org/paper/Common-Milk-Adulteration-in-Developing-Countries-in-Salih-Yang/e8b64f100d184dac49b86e7fe7fc8c28edc579c2
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/1541-4337.12181
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/1541-4337.12181
https://ift.onlinelibrary.wiley.com/doi/abs/10.1111/1541-4337.12181
https://www.sciencedirect.com/science/article/abs/pii/S0039914013009831
https://www.sciencedirect.com/science/article/abs/pii/S0039914013009831
https://www.sciencedirect.com/science/article/abs/pii/S0039914013009831
https://www.sciencedirect.com/science/article/abs/pii/S0039914013009831
https://www.researchgate.net/profile/Toqeer-Ahmed-6/publication/45946293_Comparative_Analysis_of_Quality_of_Milk_Collected_from_Buffalo_Cow_Goat_and_Sheep_of_RawalpindiIslamabad_Region_in_Pakistan/links/54b796600cf24eb34f6ebb94/Comparative-Analysis-of-Quality-of-Milk-Collected-from-Buffalo-Cow-Goat-and-Sheep-of-Rawalpindi-Islamabad-Region-in-Pakistan.pdf
https://www.researchgate.net/profile/Toqeer-Ahmed-6/publication/45946293_Comparative_Analysis_of_Quality_of_Milk_Collected_from_Buffalo_Cow_Goat_and_Sheep_of_RawalpindiIslamabad_Region_in_Pakistan/links/54b796600cf24eb34f6ebb94/Comparative-Analysis-of-Quality-of-Milk-Collected-from-Buffalo-Cow-Goat-and-Sheep-of-Rawalpindi-Islamabad-Region-in-Pakistan.pdf
https://www.researchgate.net/profile/Toqeer-Ahmed-6/publication/45946293_Comparative_Analysis_of_Quality_of_Milk_Collected_from_Buffalo_Cow_Goat_and_Sheep_of_RawalpindiIslamabad_Region_in_Pakistan/links/54b796600cf24eb34f6ebb94/Comparative-Analysis-of-Quality-of-Milk-Collected-from-Buffalo-Cow-Goat-and-Sheep-of-Rawalpindi-Islamabad-Region-in-Pakistan.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0924424711001130
https://www.sciencedirect.com/science/article/abs/pii/S0924424711001130
https://www.sciencedirect.com/science/article/abs/pii/S0924424711001130
https://journals.sagepub.com/doi/abs/10.1366/0003702934067865
https://journals.sagepub.com/doi/abs/10.1366/0003702934067865
https://www.sciencedirect.com/science/article/abs/pii/S0925400503005276
https://www.sciencedirect.com/science/article/abs/pii/S0925400503005276
https://www.sciencedirect.com/science/article/abs/pii/S0925400503005276
https://www.sciencedirect.com/science/article/abs/pii/S0308814610007855
https://www.sciencedirect.com/science/article/abs/pii/S0308814610007855
https://link.springer.com/article/10.1007/s12161-011-9216-2
https://link.springer.com/article/10.1007/s12161-011-9216-2
https://link.springer.com/article/10.1007/s12161-011-9216-2
https://www.sciencedirect.com/science/article/abs/pii/S0165993610001548
https://www.sciencedirect.com/science/article/abs/pii/S0165993610001548
https://www.sciencedirect.com/science/article/pii/S0022030204734050
https://www.sciencedirect.com/science/article/pii/S0022030204734050
https://www.sciencedirect.com/science/article/pii/S0022030204734050
https://www.sciencedirect.com/science/article/abs/pii/S0168169908000100
https://www.sciencedirect.com/science/article/abs/pii/S0168169908000100
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/7572/75720P/Adulteration-detection-in-milk-using-infrared-spectroscopy-combined-with-two/10.1117/12.841580.short?SSO=1
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/7572/75720P/Adulteration-detection-in-milk-using-infrared-spectroscopy-combined-with-two/10.1117/12.841580.short?SSO=1
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/7572/75720P/Adulteration-detection-in-milk-using-infrared-spectroscopy-combined-with-two/10.1117/12.841580.short?SSO=1
https://www.jstage.jst.go.jp/article/analsci/23/7/23_7_907/_article/-char/ja/
https://www.jstage.jst.go.jp/article/analsci/23/7/23_7_907/_article/-char/ja/
https://www.jstage.jst.go.jp/article/analsci/23/7/23_7_907/_article/-char/ja/
https://www.researchgate.net/profile/Shyam-Jha/publication/285568587_Detection_of_adulterants_in_milk_using_near_infrared_spectroscopy/links/5f85704d458515b7cf7c5efd/Detection-of-adulterants-in-milk-using-near-infrared-spectroscopy.pdf
https://www.researchgate.net/profile/Shyam-Jha/publication/285568587_Detection_of_adulterants_in_milk_using_near_infrared_spectroscopy/links/5f85704d458515b7cf7c5efd/Detection-of-adulterants-in-milk-using-near-infrared-spectroscopy.pdf
https://link.springer.com/article/10.1007/s00216-007-1673-5
https://link.springer.com/article/10.1007/s00216-007-1673-5
https://www.tandfonline.com/doi/abs/10.1080/05704928.2011.625748
https://www.tandfonline.com/doi/abs/10.1080/05704928.2011.625748
https://www.sciencedirect.com/science/article/abs/pii/S092552141000133X
https://www.sciencedirect.com/science/article/abs/pii/S092552141000133X
https://link.springer.com/article/10.1007/s11746-011-1894-9
https://link.springer.com/article/10.1007/s11746-011-1894-9
https://link.springer.com/article/10.1007/s11746-011-1894-9
https://link.springer.com/article/10.1007/s11746-011-1814-z
https://link.springer.com/article/10.1007/s11746-011-1814-z
https://link.springer.com/article/10.1007/s12161-011-9272-7
https://link.springer.com/article/10.1007/s12161-011-9272-7
https://link.springer.com/article/10.1007/s12161-011-9272-7
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/cem.1147
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/cem.1147
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/cem.2506
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/cem.2506


37. Laporte MF, Paquin P. Near-infrared analysis of fat, protein, and 
casein in cow's milk. J Agric Food Chem. 1999;47(7):2600-2605.

38. Rodriguez-Saona LE, Koca N, Harper WJ, Alvarez VB. Rapid 
determination of Swiss cheese composition by Fourier transform 
infrared/attenuated total reflectance spectroscopy. J Dairy Sci. 
2006;89(5):1407-1412.

39. Santos PM, Pereira-Filho ER, Rodriguez-Saona LE. Application of 
hand-held and portable infrared spectrometers in bovine milk analysis. 
J Agric Food Chem. 2013;61(6):1205-1211.

40. Maeda H, Ozaki Y, Tanaka M, Hayashi N, Kojima T. Near infrared 
spectroscopy and chemometrics studies of temperature-dependent 
spectral variations of water: Relationship between spectral changes and 
hydrogen bonds. Near Infrared Spectrosc. 1995;3(4):191-201.

41. Bavyko O, Bondarchuk M. Trends in the development of the world 
food market. Mod Sci-Moderni věda. 2019(3):5-13.

Musa MA

J Adv Dairy, Vol.10 Iss.1 No:1000599 7

https://pubs.acs.org/doi/abs/10.1021/jf980929r
https://pubs.acs.org/doi/abs/10.1021/jf980929r
https://www.sciencedirect.com/science/article/pii/S0022030206722093
https://www.sciencedirect.com/science/article/pii/S0022030206722093
https://www.sciencedirect.com/science/article/pii/S0022030206722093
https://pubs.acs.org/doi/abs/10.1021/jf303814g
https://pubs.acs.org/doi/abs/10.1021/jf303814g
https://opg.optica.org/jnirs/abstract.cfm?uri=jnirs-3-4-191
https://opg.optica.org/jnirs/abstract.cfm?uri=jnirs-3-4-191
https://opg.optica.org/jnirs/abstract.cfm?uri=jnirs-3-4-191
https://opg.optica.org/jnirs/abstract.cfm?uri=jnirs-3-4-191
https://www.elibrary.ru/item.asp?id=42757391
https://www.elibrary.ru/item.asp?id=42757391

	Contents
	Evaluation of Portable NIR Assay for Detection of Milk Adulteration with Water
	ABSTRACT
	ABBREVIATIONS
	INTRODUCTION
	MATERIALS AND METHODS
	Cow milk samples preparation
	NIR spectroscopic analysis
	Statistical analysis

	RESULTS AND DISCUSSION
	Spectral characteristics
	DD-SIMCA Classification
	Quantification of adulterants in milk

	CONCLUSION
	REFERENCES




