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Background
Nucleotides from dietary sources have been suggested to have important 
physiological roles in gastrointestinal development and immune function of 
infants (1). Goat milk contains considerable amounts of nucleotides but little 
data is available on nucleotide content in goat milk infant formula (IF) and 
follow-on formula (FOF) (2). Furthermore, free nucleotide concentrations in 
cow’s and human milk decrease with advancing lactation but it is unknown 
whether seasonal variation also occurs in goat milk (3, 4). 

Objectives
The major objective of this study was to quantify the level of total 
nucleotides in goat milk IF and FOF versus cow’s milk formulas. The 
second objective was to study seasonal variation in levels of individual 
monophosphate nucleotides in skimmed goat milk powder, the basis for 
goat milk formula. 

Methods
Total nucleotide levels were measured in goat and cow’s milk IF and FOF, 
using liquid chromatography combined with UV detection conform the 
GB 5413.40 standard. Nucleotides in excess of supplemented amounts 
were assumed to be naturally occurring nucleotides. In addition, individual 
monophosphate nucleotide levels were determined in skimmed goat and 
cow’s milk powder at several time points throughout the year.

Results
Formulas based on goat milk have 4-5 times higher naturally occurring 
levels of total nucleotides than cow’s milk based formulas, with levels at least 
25% of maximal levels previously reported in mature human milk (5). Uridine 
5’-monophosphate (UMP) was the major nucleotide in skimmed goat milk 
powder. Levels of individual free nucleotides were stable throughout the year.

Conclusion
Skimmed goat milk powder, goat milk based infant formula and follow-on 
formula contain high levels of nucleotides. No seasonal variation was 
observed in the levels of individual free nucleotides. Differences in analysis 
and quantification methods can explain some of the apparent discrepancy 
with previously published results. Future research should focus on ‘total 
potentially available nucleotides’ (TPAN), defined as the sum of free 
nucleosides, free nucleotides, nucleotide-containing adducts and nucleotide 
polymers, as the physiological relevance of nucleotides might not be limited 
to free nucleotides alone.

Disclosure of interest: This project was funded by Ausnutria B.V.
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Naturally high content of nucleotides  
in goat milk based infant formula

Nucleotide concentrations in goat milk based formulas 
are higher than in cow’s milk based formulas

UMP is the major nucleotide in skimmed goat milk powder

Figure 1.
Nucleotide concentrations in excess of supplemented amounts. Data are presented as means 
(mg / 100 gram formula powder) with green bullet points indicating the nucleotide levels of the 
individual products (n = 10-11 for cow’s milk based formulas, n = 2 for goat milk based formulas). 
Pink bars indicate cow’s milk based formulas, blue bars indicate goat milk based formulas.

Figure 2. 
Nucleotide concentrations in skimmed goat (color blue) or cow’s (color pink) milk powder 
(expressed as mg / 100 gram powder). Weeknumbers start January 1, 2017. UMP: Uridine 
5’-monophosphate; AMP: Adenine 5’-monophosphate; CMP: Cytosine 5’-monophosphate;  
GMP: Guanine 5’-monophosphate. No inosine 5’-monophosphate was detected.  
In skimmed cow’s milk powder, only CMP was detected. 
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Nucleotides from dietary sources have been suggested to have  
important physiological roles in gastrointestinal development and  

immune function of infants (1).

Formulas based on goat milk have 4-5 times higher naturally occurring  
levels of total nucleotides than cow’s milk based formulas.
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