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Abstract

Nowadays, due to economically advantageous and milk shortages in some areas, adulteration 
in milk is growing up. One of these adulterations is depicting reconstituted milk as fresh milk or 
mix it with fresh milk. If the milk is heated at high temperature it would take caramel flavor and 
becomes brown (Maillard reaction) which causes unwanted traits. However, this reaction does 
not occur in the pasteurization process but it takes place in dehumidifying the milk. The amount 
of skim milk powder added can be measured in different ways. But finding a precise method 
is necessary. In the current study determination of hydroxy methyl furfural by colorimetry, 
RP- HPLC and UV-Visible Spectrophotometer were done on the base of Maillard reaction. 
Besides these, chemical analysis, measuring the Milk Reducing Substance, titration with nitric 
acid and determination the absorbance of samples at visible and UV wavelength were done. As 
expected we concluded that measuring the hydroxy methyl furfural by RP- HPLC method is 
the most precise method. But beside these we can say titration with nitric acid and for the next 
priority measuring the percent of fat (if the non-fat dry milk is used), dry matter and ash and 
also measuring the hydroxy methyl furfural by colorimetry are sensitive too. 

Introduction

Food and nutrition are undoubtedly the most 
important topics in today’s world and milk is 
one of the most important foods in the nature. 
Milk is the only food that can provide most of the 
nutrients for the body. It contains valuable proteins, 
carbohydrates, fats and minerals, especially calcium, 
phosphorus and different vitamins (Guetouache et 
al., 2014). Currently, in most of the countries that 
consume large quantities of milk and its products, 
calcium is mainly supplied from milk (Wattiaux, 
2003). Today, due to economic changes and low 
price of dry milk compared with fresh milk and also 
lack of fresh milk in some seasons, some factories 
use dry milk to produce reconstituted milk and mix it 
with fresh milk. When milk is exposed to prolonged 
heat, many chemical changes occur. The two major 
changes are browning and releasing the regenerative 
compounds. Non-enzymatic browning reaction 
(Maillard reaction) occurs in a wide range of foods 
such as breads, biscuits, meat and etc and its products 
enter into the daily diet of the population (Chichester, 
1986). Maillard reaction reduces the nutritional value 
and digestibility of protein in food (Hurrell, 1990) 
and also leads to the degradation of ascorbic acid and 
reduces absorption of minerals in the diet (Jing and 

Kitts, 2002). Maillard reaction that occurs even at 
low temperatures is relatively slow in high-moisture 
foods, but it is the predominant reaction at ambient 
temperatures in foods with low moisture content, such 
as milk or whey powders (Labuza and Saltmarch, 
1982). Metabolite of the Maillard reaction is toxic to 
the body and can lead to symptoms such as weight 
loss, hepatomegly, liver necrosis and nephromegaly 
(Labuza and Saltmarch, 1982). If the milk is heated 
at high temperature due to the lactose reaction with 
amine groups it takes caramel flavor and becomes 
brown (Maillard reaction) which are unwanted traits 
in milk. However, this reaction does not occur in the 
pasteurization but it occurs in dehumidifying the 
milk (Henle et al., 1991). So, due to adulteration of 
fresh milk by adding reconstituted milk or the selling 
of reconstituted milk as fresh milk, it is better to find 
a way to measure the amount of skim milk powder 
added to the fresh milk. A lot of methods have been 
examined such as: Cardwell and Herzer (1958) 
offered a colorimetric method for the determination 
of non-fat dry milk in fresh milk. Cardwell and 
Herzer (1958) and Lin et al. (1991) found that there 
is a linear relationship between the amount of milk 
regenerative protein and non-fat dry milk in fresh 
milk. Abu-Lehia and Abu-Tarboush (1994) measured 
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different level of dry milk in pasteurized milk and 
yoghurt by Thiobarbituric acid and regenerative agent 
methods. Resmini et al. (1992) measured furosine 
by HPLC method as a way to measure the amount 
of dry milk. Rong-fa et al. (2005), used flourimetry 
method for determination the Maillard products in 
milk. When legislation prohibits selling reconstituted 
milk as fresh milk or mix with fresh milk and also 
due to disadvantages mentioned above, finding out 
the amount of non-fat dry milk in milk daily used 
is important. But we need a rapid and sensitive test. 
The current study is designed to compare different 
methods in order to establish the more rapid and 
sensitive way to measure the amount of skim milk 
added to the fresh milk.

Materials and Methods

Sample preparation
In this study, three samples of non-fat dry milk 

with different production dates were tested. 1 g of 
sample was brought to a volume of 10 mL using 
distilled water. Then they were heated in  a water bath 
at 63ºC for 30 minutes to be pasteurized. The ratios of 
3, 4, 5, 10 and 20% of pasteurized and UHT-treated 
milk (with no usage of dry milk in their production 
process) were replaced by this reconstituted milk. 
These were performed in duplicate.

Chemical analysis
The amount of protein and fat were measured by 

Kjeldahl and Gerber method in order (AOAC, 1996; 
ISO, 2008). Dry matter and ash of the samples were 
determined by standard methods (Pomeranz and 
Meloan, 1994; ISO, 2010). Dry matter (%w/w) was 
determined by drying 10 g of the sample at 105oC to 
constant weight and ash contents were performed at 
500oC (%w/w).

Determination of hydroxy methyl furfural by 
colorimetry (HMF-C)

Using the method of Keeney and Bassette (1959) 
as modified by Della-Monica et al. (1968) and Ferrer 
et al. (2002), 10 mL of samples mixed with 5 mL 
of 0.3 mol.L-1 oxalic acid (freshly prepared daily) 
in a sealed tube to prevent evaporation. The tube 
was heated in a water bath at 100ºC for an hour. 
After rapid cooling in ice, 5 mL of a 400 g/L (w/v) 
trichloroacetic acid (TCA) solution was added, and 
the mixture was stirred thoroughly for 5 minutes. 
It was then centrifuged at 2000 g for 15 mins. The 
supernatant was filtered through Watman filter paper 
(42). Then 1 mL thiobarbituric acid (TBA) (0.05 
mol.L-1) was added to 4 mL filtered sample and stirred 

well. After, the sample was heated in  a water bath at 
35ºC for 40 minutes. After rapid cooling in ice, the 
absorbance of the samples was measured at 433 nm 
wavelength. In the blank sample, distilled water was 
used instead of milk. In order to measure the amount 
of HMF, the  below formula, which was calculated by 
using different concentration of purred HMF instead 
of sample in this method, was used. 

HMF (µM) = (30.08 × Abs443) - 0.13

Determination of hydroxy methyl furfural by RP- 
HPLC (HMF-H)

The sample was prepared as mentioned for 
HMF-C. But the samples were filtered through  a 
syringe filter. The HPLC system consisted of binary 
pump, degasser, sampling valve, 20 μl sample 
loop, column oven, photo-diode array detector and 
computing integrator connected to a PC, all from 
Knauer (Berlin, Germany). Separations were carried 
out at room temperature using sodium acetate buffer 
(0.08M) adjusted with acetic acid to pH 3.6 at a flow 
rate of 1ml/min as the mobile phase. The mobile 
phase delivered under isocratic condition through 
the analytical column, Spheriosorb ODS-2 analytical 
column (25 × 0.40 cm, 5 µm particle size) (C18) 
(Morales, 1994). Detection in wavelength gradient at 
280 nm was carried out and the volume of injection 
was 20 μl. The HMF was completely separated out in 
11.23 mins and the run time was 13 mins. The external 
calibration curve was used for quantification of HMF. 

Determination of HMF by uv-visible spectrophotometer
5 mL of milk sample was centrifuged at 10000 

rpm for 10 minutes and the 4.5 mL supernatant liquid 
was obtained. It was done for one more time and the 4 
mL supernatant liquid was obtained. 0.5 mL of Carrez 
Solution I (150 mg/mL potassium ferrocyanide) was 
added to the 4 mL sample and mixed well. 0.5 mL 
of Carrez Solution II (300 mg/mL zinc acetate) was 
then added to the sample and mixed well. Then it was 
centrifuged again at 10000 rpm for 10 minutes and 
4mL supernatant liquid was obtained. Then it was 
divided to 2 tubes (2 mL in each tube). 2 mL distilled 
water was added to one of them and 2 mL sodium 
bisulfite (2 g.L-1) was added to the other (to neutralize 
the absorbance the HMF, this tube was used as blank). 
The absorbance of the samples was measured at 284 
and 336 nm wavelength. Then in order to measure the 
amount of HMF the below formula was used (DIN 
10751-1, 1992; Kreuziger Keppy and W. Allen, 2009).  

HMF (mg/Kg) = (Abs284 – Abs336) × 149.7 × 5 × 
dilution factor / dry milk (gr)
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Measuring the milk reducing substance (MRS)
A modification of Chapman and McFarlane 

(1945) method was used. 5 mL of urea solution (10 
mol.L-1) was added to 1 mL sample and stirred well. 
Then 3 mL of potassium ferricyanide solution (1.2 
g/L) was added to the mentioned solution. After, 
the sample was heated in  a water bath at 70ºC 
for 40 minutes and cooled to 32˚C. Then 2 mL  of 
ammonium sulphate (10 mol.L-1) and 0.4 mL of 
tricholoroacetic acid (400 g/L) were added in order. 
The solution was filtered through Watman filter paper 
(40). 2 mL of filtered sample was mixed with 2 mL 
of distilled water and placed in a water bath 32.3˚C 
for 5 minutes. Finally 0.5 mL of ferric chloride (2 
g/L) was added and stored at room temperature for 30 
minutes to ensure that the reaction is complete. The 
absorbance of the samples was measured at 610 nm 
wavelength. In the blank sample, distilled water was 
used instead of milk. In order to measure the amount 
of reducing substance, the below formula, which 
was calculated by using different concentration of 
cysteine instead of sample in this method, was used.

MRS (moles × cysteine) = (1.4 × Abs610) + 1.07

Titration with nitric acid
10 mL of sample was titrated by nitric acid (60%) 

until the appearance of yellow color. The aromatic 
rings of phenylalanine, tyrosine and tryptophan under 
the effect of nitric acid form yellow-colored nitro 
derivatives (xanthoproteic reaction) (Bankowski 
et al., 2013). Preheat treatments and evaporation 
causes the denaturation of proteins in milk even 
β-lactoglobulin and α-lactalbumin (Singh and 
Creamer, 1991)

Determination the absorbance of samples at visible 
and UV wavelength

The samples were diluted 1 to 1000. Then the 
absorbance of the samples was measured at 700 
nm and 240 nm wavelength and the results were 
multiplied in the thousand. The mechanism is the 
turbidity difference between homogenized milk and 
non-homogenized milk (Lin et al., 1991).

Statistical analysis
All samples were examined in triplicate. The 

results were analyzed using one-way analysis of 
variance and the statistical significance of differences 
between mean values was analyzed by Duncan’s 
multiple range tests (Howell, 2002). Analysis was 
performed using a SPSS package (SPSS 16 for 
windows, SPSS Inc, Chicago, IL, USA).

Results

Chemical analysis results were shown in tables 
1 and 2 and the results of the other methods to find 
out the amount of nonfat dry milk were shown in 
tables 3 and 4. In the HPLC analysis for the linearity 
assessment, a seven point calibration of HMF curve 
was constructed. The concentration ranges were 
0.01-100 µg/ml. The linear regression equation used 
was Y=1.3562X + 5.0921, where Y is the peak height 
and X is the HMF concentration. The correlation 
coefficient was 0.9998. The validation parameters are 
represented in Table 5. 

Linearity was determined in concentration 
range of 0.01-100 μg/ml and correlation coefficient 
(R2) of 0.9998 was found indicating a good linear 
relationship between concentration and peak area.

The limit of detection (LOD) and limit of 
quantification (LOQ) were determined by following 
formula: LOD= 3.3 SD/m, LOQ= 10 SD/m where 

Table 1. The result of chemical analysis of pasteurized 
milk with different amount of nonfat dry milk (Mean ± SD)

The different letters in each column show statistically significant 
differences (p< 0.05).

Table 2. The result of chemical analysis of UHT-treated 
milk with different amount of nonfat dry milk (Mean ± SD)

The different letters in each column show statistically significant 
differences (p< 0.05).
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SD is residual standard deviation of regression 
line and m is the slope of regression line. Intra-
day precision was determined by replicate analysis 
(n = 10) of the spiked sample on the same day and 
inter-day precision was determined by replicate 
analysis of the spiked sample on ten consecutive 
days. Assay precision was expressed as the relative 
standard deviation (RSD%). Intra-day and inter-day 
precisions for different concentration were between 
1-2% and 1-5%, respectively. The recoveries for 
spiked samples at different concentrations (0.01-
100μg/ml) were between 95-105%. These data are in 
acceptable ranges described in the AOAC manual for 
peer-verified methods.

According to the results, HPLC method was the 
most sensitive tests that can even determine the low 
amount of skim milk powder. Notably, there was no 
statistically significant difference between skim milk 

powders with different production dates.

Discussion

Today a lot of adulterations take place in the milk 
industry. Common adulterants are adding water, urea, 
detergent and starch to the milk (Swathi and Kauser, 
2015). One of them is depicting reconstituted milk 
as fresh milk or mixing it with fresh milk. It should 
be mentioned that it is not an adulteration until 
legislation prohibits such practice. In this situation, it 
is necessary to find a way to estimate the amount of 
milk powder in fresh milk. Methods, using to detect 
the amount of reconstituted milk are based on the 
molecular structure changes (especially protein and 
carbohydrate changes) which come from preheat 
treatments and evaporating milk (Elversson and 
Millqvist-Fureby, 2005; Fanga et al., 2012). So many 
methods can be used, but choosing a rapid, simple, 
precise and sensitive method is necessary. According 
to the results of this study using HPLC method to 
measure the amount of skim milk, on the basis of 
the amount of hydroxy methyl furfural producing in 
Maillard reaction, is more reliable than the others. 
But this method is too expensive. The result showed 
that some other methods such as titration with nitric 
acid, measuring the amount of  hydroxy methyl 
furfural by colorimetry are sensitive too. But in 
contrast of HPLC they are less sensitive. The HPLC 
method can measure less than 3% reconstitude milk 
in fresh milk and for the second priority the titration 

Table 3. The result of different method to measure the amount of skim 
milk added to the pasteurized milk (Mean ± SD)

The different letters in each column show statistically significant differences (p< 
0.05).
*Due to no statistically significant differences (p< 0.05) in higher percent of skim milk 
added to the pasteurized milk, there was no need to do lower percent.

Figure 1. Chromatogram of an HMF standard solution 
(HMF concentration is 1.06 µM). Run time=13 mins and 
retention time for HMF=11.23 mins 
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with nitric acid is sensitive with the sensitivity of 4% 
reconstituted milk added. During preheat treatments 
and evaporating milk, the denaturation of milk protein 
takes place. It causes more reaction of aromatic 
rings of phenylalanine, tyrosine and tryptophan 
under the effect of nitric acid to form yellow-
colored nitro derivatives. Measuring the amount of  
hydroxy methyl furfural by colorimetry with the 
sensitivity of 5% reconstituted milk added can be 
applicable too. Measuring the amount of  hydroxy 
methyl furfural by UV-Visible Spectrophotometer 
and measuring the absorbance at visble wavelength 
is applicable for UHT milk with the sensitivity of 
5%. The determination of ultra violet and visible 
spectra (700 to 240 nm) is also recommended as 
sensitive methods by Madkour and Moussa (1989). 
They reached to this conclusion that the sensitivity 
is 2.5% reconstituted milk added (Madkour and 
Moussa, 1989). Chemical analysis such as measuring 
the percent of fat (if the non-fat dry milk is used), 
dry matter and ash with the sensitivity of 5% can be 
recommended too. Even though adulteration of fresh 
milk by adding reconstituted milk or the selling of 

reconstituted milk as the fresh product is important 
due to reasons mentioned before, but there is a little 
research in order to detect the amount of reconstituted 
milk added. Rong-fa et al. (2005), who showed the 
FAST (fluorescence of advanced Maillard products 
and soluble Tryptophan) method is a suitable, simple 
and rapid method to detect and monitor whether 
milk adulteration has occurred, believe that when 
legislation prohibits such practice, the detection of 
reconstituted milk depicted as fresh milk or mixed 
with fresh milk, becomes an analytical problem.

Conclusion

Determination of hydroxy methyl furfural by RP- 
HPLC is the more reliable method than the others. 
Titration with nitric acid, measuring the percent of 
fat (if the non-fat dry milk is used), dry matter and 
ash, hydroxy methyl furfural by colorimetry are 
also sensitive and can be mentioned as applicable 
methods.

Table 4. The result of different method to measure the amount of skim 
milk added to the UHT-treated milk (Mean ± SD)

The different letters in each column show statistically significant differences (p< 0.05).
*Due to no statistically significant differences (p< 0.05) in higher percent of skim milk 
added to the UHT-treated milk, there was no need to do lower percent.

Table 5. Validation parameters data for the HMF quantified in the milk 
samples.
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