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 The article focuses on the impact of different dairy management types on quality 

characteristics of organic and conventional milk. The study was conducted during 9 

months (spring-autumn), raw milk samples were collected from organic and conventional 

dairy farms from two Ukrainian regions. The milk samples were analyzed for dry matter, 

total protein and non-protein nitrogen, ammonia content and values of stable isotopes 
13С/12С were measured in fat and milk protein fractions. The values of dry matter, total 

protein, true protein and non-protein nitrogen content do not represent a statistically 

significant effect of farming type. The values of ammonia content, ammonia/non-protein 

nitrogen and ammonia/total protein ratios were statistically significant and reflected the 

impact of farming type which is, probably, linked with different protein content in cows’ 

diet. Conversion of some parameters on the dry matter allows more precise differentiation 

among types of milk, including statistically significant differences (e.g. total protein and 

ammonia content). The values of δ13C in fat fraction (-26.00‰) and protein fraction        

(-22.89‰) of organic milk were statistically significant differed in comparison with 

conventional milk (-23.14 ‰ and -19.15‰ respectively), due to the high amount of maize 

in the diet on conventional farm. The values of Δδ13C also were statistically significant: 

3.99‰ in conventional milk and 3.11‰ in organic. It was established that conventional 

milk has a greater range of the different parameter seasonal variations than organic milk. 

 

Keywords: 

 

Dairy management  

Organic milk  

Carbon stable isotopes  

Protein content 

Non-protein content 

 

 

 

 

Introduction 

In the past 20 years there has been a rapid growth in 

organic products market. The loss of faith to traditional 

(conventional) products, resulting from the detection of 

contaminants, pesticides, toxins etc. therein promotes this 

situation. In addition, the idea of healthy diet and 

environment protection, which are applicable to organic 

agriculture, are gaining popularity among consumers. 

Thus, in 2014 the European market turnover of organic 

products reached €26.2 billion, more than the previous 

year by 7.6%. In particular, in Germany the turnover 

amounted to €7.91 billion, in France – €4.83 billion. In 

the US the turnover has reached €27.06 billion (Willer 

and Lernoud, 2016). 

In Ukraine, the organic products market has been 

growing since the early 2000’s and is increasing annually. 

According to the Swiss-Ukrainian project FIBL, Ukraine 

occupies the 11th place in Europe in terms of organic 

food production and by 2020 may become one of the five 

largest organic producers in the world. In 2014 in Ukraine 

400,764 hectares were farmed organically, there were 

about 250 organic products producers and processors, and 

the internal market for organic products amounted to 

€14.5 million (Willer and Lernoud, 2016). 

Despite the increase in the number of organic farms, 

which are certified according to respective requirements, 

comparative studies on the key indicators of conventional 

and organic products (e.g. milk and dairy products) are 

absent in Ukraine. Many of foreign works show the 

change of fatty acid composition of milk, depending on 

dairy management type. It is known that organic milk 

contains higher content of ω-3 fatty acids, α-linolenic 

acid, α-tocopherol and Fe compared to conventional milk 

(Średnicka-Tober et al., 2016). However, there are 

significant differences in studies results, depending on the 

country of origin, animal's breed, season, diet etc. The 

comparison of the data on the concentrations of PUFA, ω-

3 acids and CLA in organic and conventional cow's milk 

in different countries or geographic regions showed 

significant differences, and in some cases contradicting 

data has also been obtained in studies within the same 

country (Matt et al., 2011). At the same time, there are 

still less studies on the content of dry matter, total protein 

and other physical and chemical parameters of organic 

milk and the results are extremely ambiguous (Matt et al., 

2011). 

The aim of this work was to study the effect of the 

farming type (organic and conventional), as well as the 

season of the year on the physical-chemical and 

biochemical parameters of cow’s milk in Ukraine, in 

particular the content of the nitrogen fractions and 

composition of stable isotopes 
13

С/
12

С in the protein and 

fat fractions of milk. 
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Materials and Methods.  

 

Sample Collection 

Organic milk samples (n = 14) were collected on a 

certified high-input organic farm in Zhytomyr region of 

Ukraine, and conventional samples (n = 14) – on the 

conventional farm in Kyiv region of Ukraine. Both types 

of farm used the Simmental breed cows. Organic farm 

was certified by the Ukrainian certified body “Organic 

Standard, Ltd.” (Kyiv, Ukraine). Bulk-tank milk samples 

were collecting during three seasons of 2015: indoor-

spring (March and April), outdoor (May-September) and 

indoor-autumn (October and November) and were 

transporting in ice to analysis. During the indoor period 

on organic farm the cattle diet consisted of organic hay, 

haylage and cereals (70%), but also included maize silage, 

dry and canned maize, which accounted for 26%. 

Compared to organic farm, the diet at the conventional 

farm contained a higher amount of maize silage (42%), 

hay, silage, beets and carrots – 58%. During the outdoor 

period on both types of farms the herds grazed on a 

pasture. 

 

Analysis of Milk Samples 

The milk samples were analyzed for the following 

parameters: dry matter (“Sartorius” MA-30, Germany), 

total protein and non-protein nitrogen (NPN) by the 

Kjeldahl method (ISO 8968: 2005-2,4, digester and 

distiller “Fisher Bioblock Scientific”, Italy), ammonia 

content (“Biotronik”, Germany), and the ratio of 
13

С/
12

С 

isotopes separately in fat and milk protein fractions (mass 

spectrometer MI-1201SG, Ukraine). 

 

Statistical Analysis 

The data were characterized using the mean and the 

standard deviation (SD). The impact of the “farming 

type” was evaluated using one-way analysis of variance 

(ANOVA) in MS Excel 2010. For all statistical tests, 5% 

level of significance was used. 

Result and Discussion.  
 

Study of physical-chemical parameters of milk 

showed that the average dry matter within the study 

period was higher for the conventional milk (11.77% vs. 

11.41% in organic) (Table 1). This parameter for organic 

milk was higher in summer and autumn than in spring 

(5.2% and 4.4% respectively), while for conventional 

milk it was higher in autumn than in spring and summer 

(1.4% and 1.1% respectively). The data from Germany 

has shown similar results: higher amount of dry matter for 

the conventional milk (13.9%) compared to organic 

(12.5%) (Shröder et al., 2011). However, one group of 

Brazilian researchers reported about the equal amounts of 

dry matter for both milk types (11.4% for conventional vs 

11.5% for organic) (Olivo et al., 2005) and other group – 

about higher amount in organic milk (12.68% vs. 12.48% 

in conventional) (Kuhnen et al., 2015).  

It was established that the value of total protein within 

the study period for organic milk samples was 3.15%, 

while for conventional milk – 3.00% (Table 1). Our data 

are consistent with the authors from UK (Butler et al., 

2008) and Brazil (Honorato et al., 2014). At the same 

time, the majority of studies indicates higher levels of 

total protein in conventional milk (Nauta et al., 2006; 

Kouřimská et al., 2014; Stergiadis et al., 2014; Kushe et 

al., 2014; Adler et al., 2006; Luukkonen et al., 2005; 

Battaglini et al., 2009; Kuhnen et al., 2015). Also, studies 

conducted in the US and Sweden had shown the lack of 

influence of farming on this parameter (Croissant et al., 

2007; Toledo et al., 2002). Some authors explain the 

lower protein content in organic milk by the lower content 

of starch and sugar–rich sappy feed in the diet, which 

stimulate the formation of butyric acid necessary for 

protein synthesis (Kouřimská et al., 2014;. Zagorska and 

Ciprovica, 2008).  

 

 

Table 1 The effect of dairy management and season on physical and chemical parameters of milk 

Parameter 
Spring Summer Autumn 

P-value 
Org Conv Org Conv Org Conv 

The dry weight 

(g/100 g) 

11.04 

±0.05 

11.70 

±0.38 

11.64 

±1.04 

11.74 

±1.78 

11.55 

±0.05 

11.87 

±0.24 
0.53 

Total protein  

(g/100 g) 

2.94 

±0.63 

3.04 

±0.13 

3.31 

±0.13 

3.04 

±0.33 

3.20 

±0.18 

2.94 

±0.13 
0.16 

Non-protein 

nitrogen (g/100 g) 

0.0249 

±0.001 

0.0154 

±0.002 

0.0313 

±0.017 

0.0309 

±0.015 

0.0245 

±0.001 

0.0177 

±0.001 
0.53 

NPN/ TP,% 
4.81 

±0.34 

3.24 

±0.14 

5.99 

±3,01 

6.27 

±2.47 

4.93 

±0.47 

3.97 

±0.18 
0.70 

True protein  

(g/100 g) 

2.78 

±0.64 

2.93 

±0.13 

3.10 

±0.11 

2.90 

±0.25 

3.02 

±0.16 

2.74 

±0.13 
0.23 

Ammonia  

(mg/100 g) 

0.1817 

±0.001 

0.2021 

±0.003 

0.2181 

±0.058 

0.3702 

±0.108 

0.1273 

±0.008 

0.2459 

±0.179 
0.02 

Ammonia/NPN,% 
0.73 

±0.03 

1.31 

±0.02 

0.85 

±0.41 

1.40 

±0.66 

0.52 

±0.06 

1.39 

±1.01 
0.01 

Ammonia/TP,% 
0.006 

±0.001 

0.007 

±0.0002 

0.007 

±0.002 

0.012 

±0.004 

0.004 

±0.0007 

0.008 

±0.006 
0.02 

Data are represented as Means ± SD, P≤0.05. Org – organic milk, Conv – conventional milk. 
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Table 2 Effect of dairy management and season on the δ
13

C in milk 

δ
13

С, ‰ 
Spring Summer Autumn 

P-value 
Org Conv Org Conv Org Conv 

Fat fraction 
-25.80 

±0.29 

-20.60 

±0.26 

-26.49 

±1.35 

-25.73 

±1.70 

-25.70 

±0.38 

-23.10 

±0.27 
0.03 

Protein fraction 
-22.54 

±0.37 

-15.50 

±0.14 

-23.80 

±1.18 

-22.34 

±1.02 

-22.80 

±0.17 

-19.60 

±0.21 
0.01 

∆ δ
13

С 
3.52 

±0.12 

5.10 

±0.07 

2.34 

±0.85 

3.61 

±0.94 

2.80 

±0.15 

3.50 

±0.11 
0.01 

Data are represented as Means ± SD, P≤0.05. Org – organic milk, Conv – conventional milk.  

 

Our study was shown that total protein amount had 

seasonal variations: in organic milk this parameter was 

higher in summer and autumn than in spring (by 11.2% 

and by 8.1%, respectively); in conventional – the equal 

amount in spring and summer and higher than in autumn 

(by 3.3%). These findings agree with the Italian study, 

that showed that total protein value during the grazing 

period was higher than during the indoor period for 

organic milk by 3.6% and for conventional – by 3.5% 

(Battaglini et al., 2009). However, the study conducted in 

the UK revealed that in conventional milk values of total 

protein were equal in winter and summer, whereas for 

organic milk this parameter was higher in summer than in 

winter by 2.9% (Butler et al., 2008). According with the 

Finnish study there were no significant seasonal variation: 

for organic milk the summer values were higher than the 

winter only by 1.2%, and for conventional milk these 

values were equal (Luukkonen et al., 2005). Polish 

researchers report that the of total protein values during 

the early indoor period were higher than during the late 

grazing period by 3.0% for conventional and by 9.4% for 

organic milk (Kuczynska et al. 2012). Also, the study of 

organic milk in Poland showed that total protein values 

were higher in winter than in summer, with the average 

value of 8.1% (Kuczynska et al., 2011). So, total protein 

values vary greatly depending on geographical origin, 

climatic conditions and feeding.  

Non-protein nitrogen (NPN) is an important indicator 

of milk quality. NPN includes different nitrogen 

compounds (urea, uric acid, creatine, creatinine, free 

amino acids and nucleic acids) which are not precipitated 

by trichloroacetic acid (McSweeney and Fox, 2003). Urea 

can comprise up to a half of the total NPN fraction and is 

directly correlated to the urea content in cow’s blood, 

which level is also dependent on the diet. Particularly, the 

high protein and minimal grain contents in the diet 

increase the level of non-protein nitrogen (Harding, 

2013). 

Our data showed that NPN values in organic milk 

(0.0269 g/100 g) were higher than in conventional 

(0.0213 g/100 g) on average by 20.8%. Also, we have 

detected the seasonal variations of NPN values: they were 

higher in summer than in spring and in autumn in organic 

milk (by 20.4% and 21.7% respectively) and in 

conventional – by 50.2% and 42.7% respectively. The 

biggest difference of NPN content in organic and 

conventional milk was in spring and autumn. 

The variation of nitrogen fraction content can indicate 

the effectiveness of feed protein digestion. The ratio of 

NPN to total nitrogen (TN) was higher in organic milk 

(5.49%) than in conventional (4.53%). It was higher in 

organic milk in summer than in spring (by 7.3%) and 

autumn (by 17.7%), while in conventional this variation 

was more appreciable (by 46.7% and 36.7% respectively). 

The determination of actual content of casein and 

whey proteins in milk could be evaluated by the 

calculation of true protein value that is crucial for cheese 

making. The true protein content was calculated by 

subtraction of non-protein nitrogen from total nitrogen 

and subsequent multiplication by a factor of 6.38 

(Harding, 2013). The average value of true protein 

content within the study period was higher in organic 

milk (2.93%) than in conventional (2.86%). As it has 

already been shown in our study, NPN content varied 

depending on the season, that is correlated with true 

protein content. True protein values in organic milk were 

higher in summer than in spring and autumn (by 10.3% 

and by 2.6% respectively), while in conventional – equal 

in spring and summer and higher than in autumn by 6.2%. 

The ammonia content in raw milk is generally 0.3-1.0 

mg% and may increase during storage due to the 

development of foreign microflora and activity of their 

dehydrogenases, transferases and other enzymes 

(Gorbatova and Gun'kova, 2010). According to our study, 

the mean value of ammonia during the study period was 

higher in conventional milk (0.273 mg/100 g) than in 

organic (0.176 mg/100) and this difference was shown to 

be statistically significant. Summer values of ammonia 

content were higher than spring and autumn in organic 

milk by 16.7% and 41.6% respectively and in 

conventional milk – by 45.4% and 65.6%, respectively. 

The ratio of ammonia value to the NPN value can 

represent the impact of dairy management and season on 

milk quality. The difference between average values of 

ammonia to NPN ratio of organic (0.7%) and 

conventional (1.37%) milk was estimated to be 

statistically significant. The highest values were recorded 

for organic milk summer samples and they were higher 

compared to spring and autumn values by 14.1% and 

22.4% respectively. Meanwhile in conventional milk in 

summer and autumn period the values were equal and 

exceeded the spring period value by 6.4%. The ratio of 

ammonia to total protein values of organic milk (5.6%) 

was lower than in conventional (9.0%) and this difference 

was also shown to be statistically significant. In organic 

milk seasonal dynamics haven’t been observed, while in 

conventional milk summer values were higher than spring 

and autumn by 41.7% and 33.3% respectively.  
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Conversion of the analyzed parameters on dry matter 

weight can support more objective differentiation of milk 

depending on the farming type. Conversion of total 

protein on dry matter weight showed a statistically 

significant difference. The mean values for the analyzed 

period were higher in organic milk (27.59%) in 

comparing with conventional (25.55%). In organic milk it 

was observed a seasonal dynamic: summer values were 

higher than spring and autumn by 6.4% and 2.6% 

respectively, while in conventional milk season dynamic 

was negligible. 

Conversion of NPN content on dry matter weight in 

average was higher in organic milk (0.236%) than in 

conventional (0.181%). These values also had a seasonal 

trend and were higher in summer than in the spring and 

autumn in milk of both types. In organic milk – by 

16.00% and 21.19%, while in conventional – by 49.81% 

and 43.35% respectively. 

Conversion of the true protein on dry matter showed 

higher values (by 6.62%) in organic milk (25.99% vs. 

24.27% in conventional). This parameter in organic milk 

was higher in summer than in spring and autumn by 5.4% 

and 1.8% respectively, while in conventional milk - 

higher in spring than in summer and autumn by 1.4% and 

7.8% respectively. 

Conversion of ammonia on dry matter showed a 

statistically significant difference between two types of 

farming. Average value for the study period was higher in 

conventional milk (0.0023%) compared to organic milk 

(0.0015%). Also, the higher seasonal dynamic was 

observed in conventional milk: summer values were 

higher than spring and autumn by 46.9% and 34.4% 

respectively, and in organic – by 15.8% and 42.1%. 

The 
13

C/
12

C stable isotope ratio (expressed as δ
13

C) is 

related to the quantity of maize, which is an important 

constituent of cows’ diet (Bontempo et al., 2012). 

According to organic farming rules the cattle diet should 

predominantly consist of fresh grass and hay (the plants 

with C3-type of photosynthesis). Conventional farming 

system diet is mainly represented by maize silage (the 

plant with C4-type of photosynthesis) and concentrates. 

Consequently, the values of δ
13

C in milk may represent 

the proportion of plants with C3- and C4-type of 

photosynthesis in cows’ diet. The value of δ
13

C increases 

with a higher amount of maize in diet and decreases with 

a higher amount of hay and fresh grass (Camin et al., 

2008; Bontempo et al., 2012; Kaffarnik et al., 2014). 

More accurate results can be obtained by means of 

calculating the values of δ
13

C for the extracted milk lipid 

fraction rather than for whole milk, whereas the content of 

fat in milk or the ratio between fat and protein can 

influence the results of measurement (Molkentin and 

Giesemann, 2007). 

According to our results (Table 2), the average values 

of δ
13

C in organic milk fat fractions (-26.00 ‰) were 

significantly lower than in conventional (-23.14 ‰). 

Within the test period, the values in summer samples were 

lower than in spring and autumn samples in both milk 

types (in organic milk by 2.6% and 3.0%, while in 

conventional – by 19.9% and 10.2% respectively). Our 

data comply with German studies claiming that the 

average values of δ
13

C in fat fraction of organic milk 

range from -26.5‰ (Molkentin, 2013) to -28.0‰ 

(Molkentin and Giesemann, 2007) or even -29.41 ‰ 

(Molkentin, 2009), and in conventional milk it amounts -

26.6‰ (Molkentin and Giesemann, 2007). However, the 

Italian study of summer milk from alpine mountain farms 

with a diet based only on C3-type plants showed mean 

values at -23.5 ‰ (Bontempo et al., 2012), which can also 

indicate the impact of geographical origin and altitude on 

the isotopic profile. 

Analysis of δ
13

C values in milk protein fraction 

showed that in organic milk they were significantly lower 

(-23.05 ‰) than in conventional (-19.15 ‰) (Table 2). 

For organic milk δ
13

C values of summer samples were 

lower than that of spring and autumn samples by 5.3% 

and 4.2% whereas for conventional milk the difference 

was 30.6% and 12.3% respectively. This trend can be 

explained by a significant decrease in the amount of 

maize in diet during summer, as evidenced by a large 

difference in results between outdoor and indoor periods. 

Thus, the maximum difference of δ
13

C values between 

two periods was observed for milk protein fraction 

compared to fat fraction, that shows greater influence of 

the diet (in particular, maize amount) exactly on milk 

protein fraction. Lower variability of δ
13

C throughout the 

study period in organic milk indicates that the diet 

consisted mainly of plants with C3-type of photosynthesis. 

A distinctive feature of conventional milk is a 

significantly higher value of Δδ
13

C (difference between 

δ
13

C fat fraction and δ
13

C protein fraction) which was 4.07 ‰, 

while in organic milk – 2.89 ‰. Values δ
13

C Δδ
13

C in 

conventional milk were higher in spring (5.10‰) than in 

summer and autumn (3.61 ‰ and 3.50 ‰ respectively). 

The same trend was observed in organic milk – spring 

values (3.52‰) were higher than in summer and autumn 

(2.54 ‰ and 2.80 ‰ respectively). 
 

Conclusions 
 

It was established that conventional milk has a greater 

range of different parameter seasonal variations than 

organic milk. In summer, with a change in diet due to 

grazing on pasture, many parameters of conventional milk 

have become similar to organic milk. The main 

differences in the obtained data were observed in spring 

and autumn, during indoor period, due to the different diet 

on organic and conventional farms. Possibly, parameters 

with statistical significance, such as ammonia content, 

ammonia/non-protein nitrogen and ammonia/total protein 

ratios, δ
13

C and Δδ
13

C may be considered as the markers 

of organic milk authenticity and can be useful for the 

differentiation of organic and conventional farming types. 
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