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Dulce de leche (DL), a concentrated sweetened milk 
product, is highly consumed in Latin America and 
exported to other countries, such as USA and Spain. DL 
is traditionally prepared by concentrating 3% w/v fat 
milk with sucrose and vanilla until ~70% total soluble 
solids is reached, obtaining a minimum fat content of 
6% w/w.  As DL is the most-consumed sweet spread in 
Argentina, particularly by children, it was an obvious 
candidate for substitution with respect to saturated 
fats.

The objective of this work was to improve the lipid profile of DL by 
replacing milk fat, which is high in saturated fatty acids (SFA), with pecan 
oil, which is high in unsaturated fatty acids (UFA), particularly 18:1 (52%), 
18:2 (36%), y 18:3 (1.5%), leading to a DL-like product (pecan oil DL) with 
quality characteristics that resemble commercial DL.

Skim milk (0% fat) was first incubated with lactase at 4°C for 24 
hours to reduce lactose content and subsequent crystal formation 
during storage. Afterward, adequate amounts of sucrose, glucose, and 
potassium sorbate were dissolved in the milk. At the same time, xan-
than gum (0.1%) was dissolved in a milk aliquot, and enough pecan oil 
to reach a level of ~5% w/w in the final product was added, along with 
added tocopherols (1000 ppm) that had been pre-emulsified in another 
skim milk aliquot. The pecan oil DL was prepared at a La Plata University 
pilot plant and kept in 500g glass jars at 20ºC for 6 months.

DL with pre-emulsified pecan oil presented 65 °Brix of soluble sol-
ids, 33.6 (0.3) % w/w moisture content, and 0.845 (0.003) water activ-
ity, while color parameters were 38.7 (1.2), 8.9 (0.1), and 19.4 (0.6) for 
L*, a*, and b*, respectively. These results were in the range of com-
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mercial products. The process yield was 30.4%, and accord-
ing to the formula, its lipid content was 6.56% w/w, within the 
range of Argentinean and Brazilian commercial DL. However, 
as expected, the UFA level (89–90% w/w)—mainly consisting 
of oleic (C18:1 n-9 cis) and linoleic (C18:2 n-6 cis) acids—was 
higher, and the SFA level lower in the pecan oil DL lipid phase 
as compared to the FA profile of milk fat (Fig. 1). Therefore, the 
product presented a lower SFA/UFA ratio (0.1) with respect to 
the traditional product obtained with whole milk (2.1).

Pecan oil DL quality characteristics, such as physicochem-
ical properties (aw, color, water content, crystal formation), 
lipid oxidation (TBARS), rheological behavior (steady state 
flow curves and linear oscillatory assays), typical lactose crys-
tal formation, and microbial characterization were evaluated 
monthly during storage at 20°C. TBARS values remained con-
stant for 138 days, showing an increase afterwards (Fig. 2). 
However, they were not associated with sensorial changes. 

In spite of the high UFA content and its high oxidation 
susceptibility, UFA levels did not show significant differences 
(P>0.05) throughout storage, reflecting the antioxidant effect 
of the tocopherols and other natural compounds that were 
added to the product. Visual inspections showed that the 
pecan oil DL remained stable, with no oil phase separation. 
Moreover, in microscopic observations, no tomahawk-like 
shape crystals typical of α-lactose were detected, avoiding a 
characteristic defect that occurs in DL. This was probably due 
to a ~60% of reduction in milk lactose content after lactase 
activity. 

The pecan oil DL obtained in the pilot-plant presented the 
pseudoplastic flow behavior typical of DL prepared with regu-
lar milk, and within the ranges of commercial DL (Ranalli, et al. 
2012). Its rheological characteristics improved during storage 
due to small variations, which produced a firmer structure that 
favored oil/water (o/w) emulsion stability. Structure develop-
ment is thought to involve not only casein micelles but also 

whey proteins (especially if these have suffered a high degree 
of denaturation during thermal processing) and fat globules. 
Such changes could be associated with several modifications 
in the continuous phase (mainly hydration of milk proteins, 
carbohydrates, and xanthan gum) that could happen during 
storage and would increase the volume fraction of dispersed 
components. 

Molds, yeast, and coagulase positive Staphylococci counts 
were lower than the detection limits of the methods (2 logC-
FUg-1), indicating that thermal treatment and aseptic packaging 
were adequate to obtain a 6-month shelf-life.

Sensory analysis showed that more than 90% of panelists 
assigned more than seven points to all attributes, resulting in 
good product acceptability. The average scores were: 8.5 (0.1), 
8.7 (0.1), 9.1 (0.1), and 8.4 (0.2) for general acceptability, tex-
ture, color, and taste, respectively. The pecan oil DL’s caloric 
value was similar to traditional commercial DL. Taking the FA 

EDIBLE APPLICATIONS

FIG. 1. Main fatty acids in pecan oil DL lipid phase FIG. 2. TBARS evolution of pecan oil DL with added tocopherols 
(1000 ppm) during storage at 20 °C
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profiles of Argentinean milk fat and pecan oil into account, it 
could be concluded that 100 g of pecan oil DL would have a 
82.6% lower SFA and a 200% higher UFA content than a tradi-
tional product, and it was cholesterol free.
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