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Abstract  
 
MOSH/MOAH in a food product may result from unintentional contamination occurring at various levels of the supply 
chain or migration from packaging. This preliminary research aims to evaluate the differences and variations in 
contamination levels between raw and processed milk samples to assess the contamination risk associated with milk 
processing. Using LC-GC-FID, mineral oil hydrocarbons (MOSH; MOAH) were quantified in eight milk samples. A T-
test was applied to evaluate the differences in the distribution of carbonic sub-fractions and total levels of MOSH and 
MOAH contamination (n-C10-50) in experimental samples of unprocessed milk and lyophilized milk. All statistical analyzes 
were performed using SPSS Statistics 26.0 and GraphPad Prism 9 software packages. The results of the comparative 
analysis revealed that milk processing operations had a significant impact on the variation of the MOH contamination 
level in the freeze-dried milk. MOSH and MOAH content varied significantly between initial samples (0.8-8.7 mg/kg 
MOSH; 0-2.8 mg/kg MOAH) and final samples (4.5-13.1 mg/kg MOSH; 3.2-5.35 mg/kg MOAH). These results are 
relevant for evaluating the impact of the freeze-drying process on these contaminants. 
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INTRODUCTION 
 
Mineral oil hydrocarbons (MOH) come from 
petroleum distillation or are produced 
synthetically by coal and natural gas extraction 
(Bratinova & Hoekstra, 2019; Menegoz Ursol et 
al., 2023). These substances form a major 
category of contaminants of petrogenic origin, 
present in the environment as a result of pollution 
or due to contamination during production 
processes (Bruhl, 2016; Canavar et al., 2018). 
MOH can reach the environment through 
various means, and their presence can be linked 
to multiple sources (Srbinovska et al., 2023; 
Purcaro et al., 2016). The major concerns about 
MOH contamination stem from the approved 
use of mineral oils in various products. Certain 
mineral oils have approved uses, including 
additives and processing aids in food (Van 
Heyst et al., 2019; Hoccheger et al., 2021). 
Essential technological steps for the packaging 
and transport of raw materials can play a 
significant role in MOSH (Mineral Oil Saturated 
Hydrocarbons) and MOAH (Mineral Oil 
Aromatic Hydrocarbons) contamination, as 
these hydrocarbons can be present in paper and 
cardboard materials (Biedermann & Grob, 2015; 

Van Heyst et al., 2019; Menegoz Ursol et al., 
2023), all with specific food migration 
properties (EC, 2011). 
Currently, only food-grade lubricating mineral 
oils that are unrefined or partially refined can be 
used in food processing and related industries 
(EFSA, 2012; Menegoz Ursol et al., 2022). 
The effects and toxicity of MOH are still 
unclear, but ongoing research shows that MOSH 
can accumulate in human organs and tissues 
(Hidalgo Ruiz et al., 2021), and MOAH, due to 
their structural similarity to PAHs, have 
carcinogenic potential (Nestola, 2022). 
As a result of the non-polar character given by 
their chemical structure, MOSH and MOAH 
show a strong affinity for fatty substrates. 
Amounts of MOH have been found in a variety 
of foods, including those of animal origin 
(Foodwatch, 2021).  
The occurrence and possible sources of 
contamination have been discussed in detail in 
the specialized literature (Moret et al., 2009; 
Gharbi et al., 2017; Matei & Pop, 2023).  
Food safety of milk is an important issue given 
its essential role in providing nutrients, 
especially for vulnerable consumer groups 
(Matei & Pop, 2022; Singh, 2022).
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Industries that want to be competitive develop 
new products for the market (Mierliță et al., 
2024). As the industry develops new products, it 
is essential to consider tailoring them to 
consumer neuro-perception, balanced with their 
safety and healthiness. This involves the 
integration of sensory characteristics according 
to food safety issues (Lăpușneanu et al., 2021; 
Ciobanu et al., 2023). 
To date, MOH in milk has been addressed 
mainly in the context of potential risks 
associated with packaging, and a few studies 
have reported the presence of mineral oils in 
infant milk products (Biedermann–Brem et al., 
2012; Zhang et al., 2019).  
In relation to the environment, MOH represent a 
new class of contaminants. MOSH and MOAH 
can be present in food from various sources, 
such as food packaging or environmental 
contamination. Because these substances can 
migrate into food and accumulate in the human 
body, there are concerns about their potential 
impact on human health. 
The purpose of this preliminary research is to 
highlight the differences in the level of 
contamination between raw and processed milk 
samples, as well as to analyze the variation in 
contamination levels following processing. This 
aims to assess the risk of contamination 
associated with milk processing methods. 
Using LC-GC-FID, saturated and aromatic 
mineral oil hydrocarbons (MOSH; MOAH) were 
quantified in eight milk samples. A T-test was 
applied to evaluate the differences in the 
distribution of MOSH and MOAH structured by 
carbon chain lenghts and the total level of 
contamination (n-C10-50) in experimental samples 
of unprocessed milk and lyophilized milk. All 
statistical analyses were performed using SPSS 
Statistics 26.0 and Graph Pad Prism 9 software. 
The information available to date and the results 
of this study can be integrated to develop future 
models for monitoring food contamination with 
MOH during processing.  
 
MATERIALS AND METHODS  
 
Samples 
As part of the experimental monitoring proposed 
for the analysis of MOSH/MOAH content, four 
samples of cow's milk were collected from 

farms located in the northeastern Romania. 
Before conducting the actual testing, the milk 
samples, which were unprocessed and not 
previously packaged, were analyzed to 
determine the content of crude fat and dry matter 
for standardization, compatibility, and accuracy 
of the determinations.   
To highlight the potential influence of 
processing on the level of sample 
contamination, the four samples were coded 
according to the type of processing applied:  
A/B/C/D–1: experimental samples of 
unprocessed milk; 
A/B/C/D–2: experimental samples of processed 
milk (lyophilization). 
The processing applied to the experimental 
samples (2) involved staged lyophilization of 
frozen samples (-18oC), at temperatures ranging 
from -30oC to -75oC, with a pressure of 1.65 
mbar and a  vacuum of 0.200 mbar, over a period 
of 7 days using a Christ Epsilon 2-4 LSC plus 
lyophilizer. 
During processing, the frozen milk samples 
were covered with classic, bleached, waxed food 
paper purchased from a supermarket. 
Details regarding the characteristics of the 
studied samples are included in Table 1. 
 

Table 1. Specifications for experimental milk samples 

 Code & sample no. 
 A B C D 

DM % 12.3 11.9 13.1 12.5 
Fat (% DM) 37.3 35.4 29.6 29.6 

DM = dry matter. 
 
MOSH/MOAH analysis 
MOH analysis was performed using the 
advanced coupled LC-GC-FID technique. The 
determination method was originally developed 
by Biederman et al. (2009) and later detailed by 
Bierdemann & Grob (2012), concerning the 
process of extraction, separation, and 
quantification of MOH. The current working 
protocol was adapted and optimized by Moret et 
al. (2016) and has been successfully applied in 
more studies, including those conducted by 
Menegoz Ursol et al. (2022), Srbinovska et al. 
(2022); Srbinovska et al. (2023). This method 
has been validated according to the analytical 
performance criteria set out in the JRC 
Guideline (Bratinova & Hoekstra, 2019). 
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Table 2. Infrastructure for MOH analysis 

Sample preparation and analysis Equipment Performance, integration 
and quantification  

Data collection 
and processing 

n-hexane (≥ 95 %; CAS: 110-54-3) 
1LC-GC 9000*: HPLC 

Phoenix 9000 coupled to 
GC model Trace 1310 internal standard (IS) #31070 

(150-600 µg/ml in toluene 
99 %) 

Chromeleon 

methanol (≥ 99,9 %; CAS: 67-56-1) 
saturated KOH (CAS: 1310-58-3) 
metachloroperoxybenzoic acid (70–75 %; 
CAS: 937-14-4); 200 mg/ mL ethanol 
anhydrous sodium thiosulfate  
(CAS 7772-98-7) 

HPLC column  
25 cm×2.1 mm i.d. with 
Lichrospher Si 60.5 μm 

particle size 
aluminum oxide (CAS: 1344-28-1) 
sodium sulfate (CAS: 7757-82-6) 

Supplier 

Merck Millipore (Massachusetts, SUA) 
Sigma-Aldrich 
Supelco 
Acros Organics, Thermo Fisher Scientific 
(Waltham, Massachusetts, SUA) 

Brechbuhler  
(Zurich, Elveția) 

Thermo Fisher Scientific 
(Waltham, 

Massachusetts, SUA) 
DGB (Germany) 

Restek, Bellefonte,  
PA, SUA 

Thermo Fisher 
Scientific 
(Waltham, 

Massachusetts, 
SUA) 

1configured with a dual channel allowing simultaneous analysis of MOSH and MOAH. 
 
Data distribution was assessed using GraphPad 
Prism 9 and SPSS Statistics 26.0 software. A T-
test was applied to evaluate the differences in the 
distribution of MOSH and MOAH, structured 
by carbonic sub-fractions and the total level of 
contamination (n-C10-50). 
 
RESULTS AND DISCUSSIONS  
 
Milk is highly susceptible to exogenous 
contamination regardless of its form. 
The fat and dry matter content influenced the 
analytical methods used to detect contaminants. 
Precision and accuracy of measurements were 
ensured by adjusting the analytical components 
based on the fat and dry matter content of the 
four analyzed milk samples. 
Standardization of the samples based on the 
lipid fraction and dry matter content enable 
comparability of results across the samples. 
MOSH and MOAH tend to accumulate more in 
the lipids of foods. The distribution of 
contaminants based on fat content showed 
varying concentrations depending on the 
composition of each milk sample. 
The levels of MOSH and MOAH varied 
significantly between experimental samples of 
raw milk (0.8-8.7 mg/kg MOSH; 0-2.8 mg/kg 
MOAH) and freeze-dried milk (4.5-13.1 mg/kg 
MOSH; 3.2-5.35 mg/kg MOAH). Almost all 
milk samples exceeded the recommended limits 
set by the Standing Committee for Plants, 
Animals, Food and Feed, Section for Novel 
Foods and Toxicological Safety of the Food 

Chain (ScoPAFF) of the European Commission: 
0.5 mg/kg for products with fat content < 4% 
(samples C, D); 1.0 mg/kg for products with fat 
content > 4% (samples A, B). 
The MOSH/MOAH concentrations measured in 
lyophilized milk (A2; B2; C2; D2) were 
significantly higher than those in liquid form 
(A1; B1; C1; D1) within the same category. 
The test results indicate significant differences 
in MOH contamination levels. A T-test was 
applied to evaluate the differences in MOSH and 
MOAH distribution based on carbonic sub-
fractions and total contamination levels (n-C10-

50) between raw milk and freeze-dried milk.  
Table 3 presents the results of MOSH 
distribution based on carbon sub-fractions and 
total contamination levels (n-C10-50) in 
experimental samples of unprocessed milk, 
aiding in the understanding of MOSH 
contamination levels in unprocessed samples. 
The Skewness coefficient for n-C10-16, indicates 
a slight left skewness of the data, but not 
significant, while for the total level of 
contamination (n-C10-50) it suggests a positive 
skewness, indicating values both lower and 
higher than the mean (3.73) in the dataset.  
Table 4 shows the results of MOSH distribution 
structured based on carbon chain lenghts and 
total contamination levels (n-C10-50) in 
experimental samples of freeze-dried milk. 
For n-C10-16, the Skewness coefficient of -0.75 
indicates a slight left skewness in the 
distribution, suggesting that there are several 
values lower than the mean of 0.53.
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Table 3. Distribution of MOSH mg kg-1 structured by carbonic sub-fractions and the total level of contamination 
(n-C10-50) in experimental samples of unprocessed milk (A, B, C, D – 1) 

 
 n-C10-16 n-C16-20 n-C20-25 n-C25-35 n-C35-40 n-C40-50 n-C10-50 

Mean 0.58 0.83 0.70 1.30 0.23 0.10 3.73 
Standard Error 0.22 0.25 0.50 1.00 0.13 0.07 1.73 
Median 0.60 0.85 0.25 0.35 0.10 0.05 2.70 
Standard Deviation 0.44 0.51 1.00 2.00 0.25 0.14 3.46 
Sample Variance 0.20 0.26 1.01 4.01 0.06 0.02 11.97 
Kurtosis (4.77) (0.10) 3.87 3.97 4.00 1.50 2.58 
Skewness (0.13) (0.26) 1.96 1.99 2.00 1.41 1.52 
Range 0.90 1.20 2.10 4.10 0.50 0.30 7.90 
Minimum 0.10 0.20 0.10 0.20 0.10 0 0.80 
Maximum 1.00 1.40 2.20 4.30 0.60 0.30 8.70 
Sum 2.30 3.30 2.80 5.20 0.90 0.40 14.90 
Count 4.00 4.00 4.00 4.00 4.00 4.00 4.00 
Confidence Level (95.0%) 0.70 0.80 1.60 3.19 0.40 0.23 5.51 

 
For the total contamination (n-C10-50), values in 
dataset vary below or above the mean of 8.83. 
Figure 1 and the results in Table 5 indicate 
significant differences between raw milk and 

freeze-dried milk (p ≤ .015) for the following 
carbon sub-fractions: n-C10-16, n-C16-20, n-C20-25, 
n-C25 -35, n-C35-40 and n-C40-50.  

 
Table 4. Distribution of MOSH mg kg-1 structured by carbonic sub-fractions and the total level of contamination          

(n-C10-50) in experimental samples of freeze-dried milk (A, B, C, D – 2) 
 

 n-C10-16 n-C16-20 n-C20-25 n-C25-35 n-C35-40 n-C40-50 n-C10-50 
Mean 0.53 4.28 2.18 1.35 0.30 0.20 8.83 
Standard Error 0.09 0.88 0.33 0.33 0.09 0.07 1.76 
Median 0.55 4.30 2.15 1.40 0.30 0.15 8.85 
Standard Deviation 0.17 1.76 0.66 0.66 0.18 0.14 3.51 
Sample Variance 0.03 3.09 0.43 0.43 0.03 0.02 12.34 
Kurtosis 0.34 1.44 1.41 1.61 (3.30) 1.50 1.46 
Skewness (0.75) (0.08) 0.23 (0.45) 0.00 1.41 (0.04) 
Range 0.40 4.30 1.60 1.60 0.40 0.30 8.60 
Minimum 0.30 2.10 1.40 0.50 0.10 0.10 4.50 
Maximum 0.70 6.40 3.00 2.10 0.50 0.40 13.10 
Sum 2.10 17.10 8.70 5.40 1.20 0.80 35.30 
Count 4.00 4.00 4.00 4.00 4.00 4.00 4.00 
Confidence Level (95.0 %) 0.27 2.80 1.04 1.04 0.29 0.23 5.59 

 
Significant differences (p = .002) were observed 
for the total contamination level (n-C10-50) of 
MOSH between raw milk (1) and freeze-dried 
milk (2). Freeze-dried milk (2) exhibited 
significantly higher contamination levels 
compared to raw milk (1), particularly evident in 
the values of n-C10-50. 
The effect size, Cohen's d was estimated at 
0.3117 with a confidence interval ranging from 
0.604 and 2.883, indicating significant results 

for n-C10-16. For the total contamination level (n-
C10-50) of MOSH in raw milk and freeze-dried 
milk, Cohen's d was calculated as 4.2250, and 
with Hedges correction, it was 4.7568. 
The 95 % confidence interval for Cohen's d 
ranged from 0.433 to 2.493, and for Hedges 
correction, it ranged from 0.385 to 2.214. These 
values suggest a significant and consistent 
difference in the effect of MOSH across various 
carbon chain lengths.   
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Figure 1. Distribution of structured MOSH averages at different carbon sub-fractions A (n-C10-16), B (n-C16-20),  

C (n-C20-25), D (n-C25-35), E (n-C35-40), F (n-C40-50) and total contamination level G (n-C10-50) in experimental raw milk 
samples (A1, B1, C1, D1) and lyophilized milk samples (A2, B2, C2, D2) 

 
Table 3. Differences in the distribution of MOSH mg kg-1 structured by carbonic sub-fractions and the total level of 

contamination (n-C10-50) in experimental unprocessed milk samples (1) and freeze-dried milk samples (2) 

 t Df Significance Mean 
Difference 

95 % Confidence Interval of 
the Difference 

One-Sided p Two-Sided p Lower Upper 
n-C10-16 4.991 7 <.001 .002 .5500 .289 .811 
n-C16-20 3.280 7 .007 .013 2.5500 .712 4.388 
n-C20-25 3.656 7 .004 .008 1.4375 .508 2.367 
n-C25-35 2.717 7 .015 .030 1.3250 .172 2.478 
n-C35-40 3.594 7 .004 .009 .2625 .090 .435 
n-C40-50 3.000 7 .010 .020 .1500 .032 .268 
n-C10-50 4.201 7 .002 .004 6.2750 2.743 9.807 

T-test, significance level *** p < 0.001; ** p < 0.01; * p < 0.05. 
 

Table 4. Cohen's d and Hedges' correction results for evaluating the effect of MOSH mg kg-1 between  
experimental samples of unprocessed milk (1) and lyophilized milk (2), with 95 % confidence intervals for carbonic 

sub-fractions n -C10-16, n-C16-20, n-C20-25, n-C25-35, n-C35-40, n-C40-50 and total contamination level (n-C10-50) 

 Standardizera Point 
Estimate 

95 % Confidence Interval 
Lower Upper 

n-C10-16 Cohen's d .3117 1.765 .604 2.883 
Hedges' correction .3509 1.567 .537 2.561 

n-C16-20 Cohen's d 2.1987 1.160 .224 2.051 
Hedges' correction 2.4754 1.030 .199 1.821 

n-C20-25 Cohen's d 1.1122 1.292 .311 2.229 
Hedges' correction 1.2522 1.148 .276 1.980 

n-C25-35 Cohen's d 1.3792 .961 .088 1.789 
Hedges' correction 1.5528 .853 .078 1.589 

n-C35-40 Cohen's d .2066 1.271 .296 2.199 
Hedges' correction .2326 1.129 .263 1.954 

n-C40-50 Cohen's d .1414 1.061 .157 1.920 
Hedges' correction .1592 .942 .139 1.705 

n-C10-50 
Cohen's d 4.2250 1.485 .433 2.493 

Hedges' correction 4.7568 1.319 .385 2.214 
a. The denominator used in estimating the effect sizes. Cohen's d uses the sample standard deviation. Hedges' correction uses the sample standard 
deviation, plus a correction factor. 
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Cohen's d is a standard measure of effect size, 
and Hedges' correction is a modification of 
Cohen's d designed to account for potential 
overestimation in small sample sizes. Both 
measures are valuable for interpreting the 
magnitude of differences between groups in 
research (Table 4). 
Table 5 shows the results of MOAH distribution 
structured by carbon sub-fractions and total 
contamination level (n-C10-50) in experimental 

unprocessed milk samples, aiding in the 
understanding of MOAH contamination levels 
in these samples. For n-C10-16, the Skewness 
coefficient of 2.00 indicates a significant right 
skewness in the data distribution, suggesting a 
trend towards higher values in the dataset. The 
total contamination level (n-C10-50) exhibits 
positive skewness in the distribution, indicating 
that the dataset contains values lower and higher 
than the mean (0.70).

 
Table 5. Distribution of MOAH mg kg-1 structured by carbonic sub-fractions and the total level of contamination         

(n-C10-50) in experimental samples of unprocessed milk  

 n-C10-16 n-C16-25 n-C25-35 n-C35-50 n-C10-50 

Mean 0.15 0.43 0.13 0 0.70 
Standard Error 0.15 0.43 0.13 0 0.70 
Median 0 0 0 0 0 
Standard Deviation 0.30 0.85 0.25 0 1.40 
Sample Variance 0.09 0.72 0.06 0 1.96 
Kurtosis 4.00 4.00 4.00 0 4.00 
Skewness 2.00 2.00 2.00 0 2.00 
Range 0.60 1.70 0.50 0 2.80 
Minimum 0 0 0 0 0 
Maximum 0.60 1.70 0.50 0 2.80 
Sum 0.60 1.70 0.50 0 2.80 
Count 4.00 4.00 4.00 4.00 4.00 
Confidence Level (95.0 %) 0.48 1.35 0.40 0 2.23 

The results of the distribution of MOAH 
(mg/kg) structured by the total contamination 
level (n-C10-50) in experimental samples of 
freeze-dried milk (2) indicate a positive 
skewness in the distribution to the right (Table 
6). This suggests that there are values in the 
dataset higher than average (4.25). 
The distribution of MOAH structured by 
carbonic sub-fractions and the total 

contamination level (n-C10-50) in experimental 
samples of unprocessed milk (1) and freeze-
dried milk (2), did not reveal significant 
differences for n-C10-16 and n-C35-50 carbon sub-
fraction (p = 0.175) (Figure 2). 
Significant differences (p = 0.008) were 
observed between unprocessed milk and freeze-
dried milk for the carbon sub-fractions n-C16-25, 
n-C25-35 and n-C10-50 (Table 7). 

 
Table 6. Results of the distribution of MOAH mg kg-1 structured by carbonic sub-fractions and total level of 

contamination (n-C10-50) in experimental samples of freeze-dried milk 
 n-C10-16 n-C16-25 n-C25-35 n-C35-50 n-C10-50 

Mean 0 2.96 1.28 0.01 4.25 
Standard Error 0 0.40 0.08 0.01 0.45 
Median 0 2.90 1.30 0 4.23 
Standard Deviation 0 0.80 0.15 0.03 0.90 
Sample Variance 0 0.64 0.02 0.00 0.80 
Kurtosis 0 (0.92) (3.90) 4.00 0.31 
Skewness 0 0.38 (0.37) 2.00 0.15 
Range 0 1.85 0.30 0.05 2.15 
Minimum 0 2.10 1.10 0 3.20 
Maximum 0 3.95 1.40 0.05 5.35 
Sum 0 11.85 5.10 0.05 17.00 
Count 4.00 4.00 4.00 4.00 4.00 
Confidence Level (95.0 %) 0 1.27 0.24 0.04 1.43 
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Table 7. Differences in the distribution of structured MOAH by carbon sub-fractions and the total contamination level 

(n-C10-50) in experimental samples of unprocessed milk and freeze-dried milk 

 t df 
Significance Mean 

Difference 

95 % Confidence Interval of 
the Difference 

One-Sided p Two-Sided p Lower Upper 
n-C10-16 1.000 7 .175 .351 .0750 -.102 .252 
n-C16-25 3.078 7 .009 .018 1.69375 .3927 2.9948 
n-C25-35 3.076 7 .009 .018 .7000 .162 1.238 
n-C35-50 1.000 7 .175 .351 .00625 -.0085 .0210 
n-C10-50 3.200 7 .008 .015 2.47500 .6461 4.3039 

T-test, significance level *** p < 0.001; ** p < 0.01; * p < 0.05. 
 

Table 8. Cohen's d and Hedges' correction results for evaluating the effect of MOAH mg kg-1 between raw milk and 
experimental freeze-dried milk samples; 95 % confidence intervals for n-C10-16 carbon sub-fractions, n-C16-20, n-C20-25, 

n-C25-35, n-C35-40, n-C40-50 and total n-C10-50 contamination level 
 

 Standardizera Point 
Estimate 

95 % Confidence Interval 
Lower Upper 

n-C10-16 Cohen's d .2121 .354 -.374 1.058 
Hedges' correction .2388 .314 -.333 .940 

n-C16-25 Cohen's d 1.55619 1.088 .176 1.956 
Hedges' correction 1.75207 .967 .156 1.737 

n-C25-35 Cohen's d .6437 1.088 .175 1.955 
Hedges' correction .7247 .966 .156 1.736 

n-C35-50 Cohen's d .01768 .354 -.374 1.058 
Hedges' correction .01990 .314 -.333 .940 

n-C10-50 Cohen's d 2.18763 1.131 .205 2.013 
Hedges' correction 2.46298 1.005 .182 1.788 

aThe denominator used in estimating the effect sizes. Cohen's d uses the sample standard deviation. Hedges' correction uses the sample 
standard deviation, plus a correction factor. 
 

 
Figure 2. Distribution of structured MOAH media at different carbon sub-fractions A (n-C10-16), B (n-C16-25), C (n-C25-

35), D (n-C35-50) and total contamination level E (n-C10-50) in experimental raw milk samples (A1, B1, C1, D1) and freeze-
dried milk samples (A2, B2, C2, D2) 
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For the total contamination level (n-C10-50) of 
MOAH in raw milk (1) and freeze-dried milk 
(2), the point estimate of Cohen's d is 2.18763, 
and for the Hedges correction it is 2.46298. The 
95 % confidence interval, for Cohen's d ranges 
from 0.205 to 2.013, and for the Hedges 
correction it ranges from 0.182 to 1.788 (Table 
8). These results highlight a significant trend in 
the MOAH effect across the carbon fraction 
length scale, as indicated by the point estimates 
and confidence intervals for Cohen's d and 
Hedges correction. 
This study underscores the potential for food 
contamination with MOH during food 
processing, particularly in the context of 
packaging. Different components of food 
contact material (FCM) can migrate into food, 
particularly following volatilization under the 
influence of temperature (Groh et al., 2021; 
Sonego et al., 2023). 
Waxed paper (paraffin paper) which consists of 
cellulose and silicon, is an example of FCM that 
poses contaminations risks due to its chemical 
composition and production processes (Fellows, 
2022). Previous research (Lorenzini et al., 
2010), has shown significant migration of MOH 
from FCM to food products during processing. 
Studies have also highlighted the transfer of 
MOH from packaging materials to food (Pack et 
al., 2020; Conchione et al., 2020; Pan Jing et al., 
2021; Fengler & Gruber, 2022). However, 
concrete scientific guidance on this matter is 
lacking in current legislation, leaving the 
possibility and risk of MOH contamination 
through packaging a subject of debate. Due to 
their higher toxicity (EFSA et al., 2019), MOAH 
remains a priority for monitoring contaminants 
in the food chain. 
 
CONCLUSIONS  
 
The difference in contamination levels between 
raw and processed milk samples, and the 
variation in contamination levels following 
processing, were evaluated to assess the 
contamination risk associated with different 
milk processing methods. A T-test was applied 
to assess the differences in the distribution of 
MOSH and MOAH, structured by carbon sub-
fractions and the total contamination level (n-
C10-50), in experimental samples of unprocessed 
milk (1) and lyophilized milk (2). 

Milk is highly susceptible to exogenous 
contamination regardless of its form. The 
MOSH/MOAH concentrations measured in 
lyophilized milk (A2; B2; C2; D2) showed 
significantly higher values than liquid samples 
from the same category (A1; B1; C1; D1). These 
test results are essential for evaluating the 
impact of the freeze-drying process on these 
contaminants. 
This study highlights the potential for food 
contamination with MOH during food 
processing. Various components of FCM can 
migrate into food products, particularly 
following volatilization under the temperature. 
The findings indicate that milk processing 
operations significantly influenced the variation 
in contamination levels of freeze-dried milk. 
However, precise identification of the causes of 
contamination is challenging due to milk's 
increased susceptibility to contamination and 
the involvement of multiple factors.   
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